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Ⅰ 緒 言 
 
１ 研究の背景 
࿖᳃߳ߩ㘩ᢱߩ቟ቯଏ⛎ߪߤߩ࿖ߦ߅޿ߡ߽ᦨ㊀ⷐ⺖
㗴ߩ৻ߟߢ޽ࠆޕߒ߆ߒߥ߇ࠄ㧘Fig. 1ߦ␜ߔࠃ߁ߦ 1960
ᐕઍએ㒠ଏ⛎ᾲ㊂ࡌ࡯ࠬߩᚒ߇࿖ߩ㘩ᢱ⥄⛎₸ߪ৻⽾ߒ
ߡਅ㒠ߒ㧘2003 ᐕߦߪ 40%߹ߢૐਅߒ㧘ਥⷐవㅴ࿖ౝߦ
߅޿ߡ߽ᦨૐߩ᳓Ḱߣߥߞߡ޿ࠆޕߘߩᓟ㧘2008ᐕߦ߅޿
ߡ߽ 41%ߦ⇐߹ߞߡ߅ࠅᷓೞߥ⁁ᴫ߇⛯޿ߡ޿ࠆޕߎߩࠃ
߁ߥ⁁ᴫߪ㧘㘩↢ᵴߩ㜞ᐲൻ࡮ᄙ᭽ൻ߇ㅴ߻ਛߢ㧘ᚒ߇࿖
ㄘᬺߩၮᐙ⊛ߥ૞‛ߢ޽ࠆ☨ߩᶖ⾌߇ᷫㅌߒ㧘⇓↥‛㧘ᴤ
⢽ߩࠃ߁ߦᄢ㊂ߩャ౉ㄘ↥‛ࠍᔅⷐߣߔࠆ㘩ᢱߩᶖ⾌߇
Ⴧടߒߚߎߣ߇ේ࿃ߣߐࠇ㧘1999ᐕߦ㘩ᢱ࡮ㄘᬺ࡮ㄘ᧛ၮ
ᧄᴺ㧔એਅޟၮᧄᴺޠ㧕߇೙ቯߐࠇߚޕ߹ߚ㧘ߎߩၮᧄᴺ
ߩℂᔨࠍౕ૕ൻߔࠆߚ߼ߦ㘩ᢱ࡮ㄘᬺ࡮ㄘ᧛ၮᧄ⸘↹㧔એ
ਅޟၮᧄ⸘↹ޠ㧕߇ 5 ᐕߏߣߦ╷ቯߐࠇ㧘ߎࠇߦၮߠ߈㧘
㘩ᢱ࡮ㄘᬺ࡮ㄘ᧛᡽╷߇ផㅴߐࠇߡ߈ߚޕၮᧄ⸘↹߇ኻ⽎
ߣߔࠆᣉ╷ߪᄙጘߦᷰߞߡ޿ࠆ߇㧘ߘߩ৻ߟߣߒߡㄘᬺ᳓
೑ᣉ⸳ߩᢛ஻߇޽ࠆޕ2000ᐕ 3᦬ߩၮᧄ⸘↹ߢߪ㧘࿯࿾ᡷ
⦟ᣉ⸳╬ߩ▤ℂ෸߮଻ోߣ㗴ߒߡ㧘ޟ▤ℂ૕೙ߩᢛ஻╬ࠍ
ㅢߓߡ㧘࿯࿾ᡷ⦟ᣉ⸳ߩㆡಾߥ▤ℂ෸߮଻ోࠍផㅴߔࠆߣ
ߣ߽ߦ㧘⠧᧎ൻߒߚߚ߼ᳰ╬ߦߟ޿ߡߩ㒐ἴኻ╷ࠍ⸘↹⊛
ߦផㅴߔࠆޠߣߒߡ޿ࠆޕ߹ߚ㧘2005ᐕ 3᦬ߩၮᧄ⸘↹ߦ
߅޿ߡߪ㧘ㄘᬺ᳓೑ᣉ⸳╬ߩㆡಾߥᦝᣂ࡮଻ో▤ℂߣ㗴ߒ
ߡ㧘ޟㄘᬺ↪᳓ࠍㆡಾߦଏ⛎ߔࠆߚ߼㧘ၮᐙ߆ࠄᧃ┵߹ߢ
৻⽾ߒߚ↪᳓ଏ⛎ᯏ⢻࡮ឃ᳓᧦ઙࠍ⏕଻ߔࠆޕ߹ߚ㧘ᣢሽ
ࠬ࠻࠶ࠢߩ᦭ലᵴ↪ߩⷰὐ߆ࠄㄘᬺ᳓೑ᣉ⸳╬ߩ㐳ኼ๮
ൻࠍ࿑ࠅ㧘ߎࠇࠄߩ࡜ࠗࡈࠨࠗࠢ࡞ࠦࠬ࠻㧔ᑪ⸳࡮⛽ᜬ▤
ℂ╬ߦ߆߆ࠆోߡߩࠦࠬ࠻㧕ࠍૐᷫߔࠆߎߣࠍㅢߓ㧘ല₸
⊛ߥᦝᣂᢛ஻߿଻ో▤ℂࠍలታߔࠆޕߘߩ㓙㧘ߎࠇࠄߩᣉ
⸳ߩ౞Ṗߥ▤ℂ߇ߥߐࠇࠆࠃ߁㧘࿯࿾ᡷ⦟඙ߦଥࠆ૕೙߿
೙ᐲࠍᢛ஻ߔࠆޠߣߒߡ޿ࠆ㧔ㄘᨋ᳓↥⋭㧘2005㧕ޕߐࠄ
ߦ㧘2010ᐕ 3᦬ߦ㑑⼏᳿ቯߐࠇߚၮᧄ⸘↹ߢߪ㧘࿖᳃ߩ㘩
ᢱࠍᡰ߃ࠆၮᧄࠗࡦࡈ࡜ߩᚢ⇛⊛ߥ଻ో▤ℂߣ㗴ߒߡ㧘
ޟၮᐙ⊛᳓೑ᣉ⸳ߪ㧘ᚒ߇࿖ߩ㘩ᢱ↢↥ߦਇนᰳߥၮᧄࠗ
ࡦࡈ࡜ߢ޽ࠆ߇㧘࿖߿࿾ᣇ౏౒࿅૕㧘▤ℂ⠪ߩ⽷᡽ߩ߭ߞ
ㄼ╬ߦࠃࠅ㧘ߎࠇࠄߩᯏ⢻ߩ዁᧪ߦࠊߚࠆ቟ቯ⊛ߥ⊒ើߦ
ਇ቟߇↢ߓߡ޿ࠆޕߎߩߚ߼㧘࡝ࠬࠢ▤ℂࠍⴕ޿ߟߟ㧘ᣉ
⸳ߩ࡜ࠗࡈࠨࠗࠢ࡞ࠦࠬ࠻ࠍૐᷫߒ㧘ᣉ⸳ᯏ⢻ߩ⋙ⷞ࡮⸻
ᢿ㧘⵬ୃ㧘ᦝᣂ╬ࠍᯏേ⊛߆ߟ⏕ታߦⴕ߁ᣂߒ޿ᚢ⇛⊛ߥ
଻ో▤ℂࠍផㅴߔࠆޠߣߒߡ޿ࠆ㧔ㄘᨋ᳓↥⋭㧘2010㧕ޕ
ߎࠇࠄਃߟߩၮᧄ⸘↹ߩ⸥ㅀࠍᲧセߔࠆߣ㧘ㄭᐕߦߥࠆ߶
ߤㄘᬺ᳓೑ᣉ⸳߇ᨐߚߒߡ޿ࠆᓎഀߩ㊀ⷐᕈ߇⹺⼂ߐࠇ
ߡ޿ࠆߎߣ߇ࠊ߆ࠆޕ․ߦ 2010ᐕߩၮᧄ⸘↹ߢߪ㧘ޟᣉ⸳
ᯏ⢻ߩ⋙ⷞ࡮⸻ᢿ㧘⵬ୃ㧘ᦝᣂ╬ࠍᯏേ⊛߆ߟ⏕ታߦⴕ߁
ᣂߒ޿ᚢ⇛⊛ߥ଻ో▤ℂޠߩᢥ⸒߇౉ࠅ㧘ࠃࠅౕ૕⊛ߥ଻
ో▤ℂߩ޽ࠅᣇ߇᳞߼ࠄࠇߡ޿ࠆߎߣ߇␜ߐࠇߡ޿ࠆޕ 
 
a 農業水利施設のストックマネジメント 
଻ో▤ℂߩኻ⽎ߣߥࠆㄘᬺ᳓೑ᣉ⸳ߪ㧘ᚒ߇࿖ߦߪ 2002
ᐕᐲᤨὐߦ߅ߌࠆౣᑪ⸳⾌ࡌ࡯ࠬߢ⚂ 25 ళ౞ߣ߽ផቯߐ
ࠇࠆ⤘ᄢߥ㊂߇ሽ࿷ߒߡ߅ࠅ㧘㐳ᦼ㑆ଏ↪ߐࠇߚᣉ⸳ߦ߅
ߌࠆᯏ⢻ૐਅߣᣉ⸳ᯏ⢻ߩ⛽ᜬ߇␠ળ⊛⺖㗴ߣߥߞߡ޿
ࠆޕߎߩࠃ߁ߥ⁁ᴫߩਛߢ㧘ޟᦝᣂ࡮▤ℂߩᤨઍޠߩᣉ⸳
ߩ⛽ᜬ▤ℂߩዷ㐿ᣇะߣߒߡ㧘࡜ࠗࡈࠨࠗࠢ࡞ࠦࠬ࠻᭎ᔨ
ߩዉ౉㧘੐ᓟ଻ో߆ࠄ੍㒐଻ో߳ߩ⒖ⴕ㧘ᣢሽ᭴ㅧ‛ߦኻ
ߔࠆ▤ℂᛛⴚߩలታࠍၮ␆ߣߒߚ⸘↹⊛ߥ⛽ᜬ▤ℂߩᔅ
ⷐᕈߩᜰ៰㧔ችర㧘2002㧕㧘߹ߚ㧘ࠬ࠻࠶ࠢࡑࡀࠫࡔࡦ࠻
ߩዉ౉ߦࠃࠆᣢሽߩㄘᬺ᳓೑ᣉ⸳ߩല₸⊛ߥ⛽ᜬ▤ℂ㧘⊛
⏕ߥ଻ో㧘ߘߒߡᯏേ⊛ߥᦝᣂࠍ࿑ࠆߎߣ߇੹ᓟߩⴕ᡽ߩ
⺖㗴ߢ޽ࠆߣߩᜰ៰㧔ൎጊ㧘2002㧕߇ߥߐࠇߚޕߎߩࠃ߁
ߥ⺖㗴ࠍ⸃᳿ߔߴߊ㧘ㄘᨋ᳓↥⋭ߢߪ 2002 ᐕᐲߦㄘᬺ᳓
೑ᣉ⸳଻ోኻ╷੐ᬺ㧘2003ᐕᐲߦ࿖༡ㅧᚑ᳓೑ᣉ⸳଻ోኻ
╷੐ᬺࠍഃ⸳ߒ㧘ࠬ ࠻࠶ࠢࡑࡀࠫࡔࡦ࠻ᣉ╷ࠍផㅴߒߡ߈
ߚޕߘߒߡ㧘2007ᐕᐲࠃࠅ㧘ၮᐙ᳓೑ᣉ⸳ࠬ࠻࠶ࠢࡑࡀࠫ
ࡔࡦ࠻੐ᬺࠍഃ⸳ߒ㧘࿖༡㧘⋵༡੐ᬺߢㅧᚑߐࠇߚᣉ⸳ߩ
ᯏ⢻⸻ᢿ㧘੍㒐଻ో⸘↹૞ᚑ㧘⸘↹ߦၮߠߊኻ╷Ꮏ੐ࠍ৻
Fig. 1 ਥⷐవㅴ࿖ߩଏ⛎ᾲ㊂ࡌ࡯ࠬߩ㘩ᢱ⥄⛎₸ 
Food self-sufficiency ratio of the major industrial countries based 
on calories
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 ࠶࠻ࠬ㧘ࠄ߇ߥߒ߆ߒޕߚߒ஻ᢛࠍᐲ೙ࠆ߈ߢᣉታߡߒ⽾
ߐߣⷐᔅ㧘ࠅ޽ߢࠅ߆߫ߚ޿ዞߦ✜ߪᬺ੐࠻ࡦࡔࠫࡀࡑࠢ
㧕5002㧘᫪㧔៰ᜰ߇ߣߎࠆ޽ߦ਄ㅜዷ⊒ߛᧂߪⴚᛛ⒳ฦࠆࠇ
᭴ߩࠢ࡯ࡢࡓ࡯࡟ࡈߩ࠻ࡦࡔࠫࡀࡑࠢ࠶࠻ 㧘ࠬࠅ߅ߡࠇߐ
 ޕࠆ޽ߢ㗴⺖ⷐ㊀ߩᓟ੹ߪ⊒㐿ߩⴚᛛᢿ⸻⢻ᯏ߮ࠃ߅▽
 
 理管能性の設施利水業農 b
⢻ᕈࠆߔើ⊒ߩ⸳ᣉ㧘ߪߡ޿߅ߦ࠻ࡦࡔࠫࡀࡑࠢ࠶࠻ࠬ
⢻ᕈ㧘ࠅ޽ߢਥ߇⸳ᣉ㧘߇ࠆ޿ߡߍឝߡߒߣ⊛⋡ࠍᜬ⛽ߩ
ᕈߩ⸳ᣉ೑᳓ᬺㄘ㧘ߪᓟ੹ޕࠆ޽ߢ႐┙ࠆߔߣࠆ޽ߢᓥ߇
޽ߢᰳนਇ߇⇛ᚢߚ޿⟎ࠍὐⷞࠅࠃߦߣߎࠆߔℂ▤ࠍ⢻
ߣࠆ޽ߢᓥ߇⸳ᣉ㧘ࠅ޽ߢਥ߇⢻ᕈ㧘ࠅ߹ߟޕࠆ߃⠨ߣࠆ
᳓㧘ߪߡߒߣ⢻ᕈࠆߔ᦭߇⸳ᣉ೑᳓ᬺㄘޕࠆ޽ߢ႐┙ࠆߔ
ޕ㧕3002㧘ࠄਛ㧔ࠆࠇࠄߍ᜼߇⢻ᕈㅧ᭴㧘⢻ᕈℂ᳓㧘⢻ᕈ↪೑
 .giF㧘ߣࠆߔ␜࿑ࠍଥ㑐ߩℂ▤ߣ⸳ᣉ߮ࠃ߅⢻ᕈߩࠄࠇߎ
ࡔࠫࡀࡑ⢻ᕈ↪೑᳓ࠍଥ㑐ߩߎߪߢ⺰ᧄޕࠆߥߦ߁ࠃߩ 2
ߠၮߦ↹⸘ᧄၮ᧛ㄘ࡮ᬺㄘ࡮ᢱ㘩ޟࠍ⟵ቯߩߘ㧘ߒߣ࠻ࡦ
▚ 㧘੍ߡߒߣ⊛⋡ࠍߣߎࠆߔߦᄢᦨࠍਈነߩ߳ㅴផ╷ᣉߊ
ല㧘⊛ᨐലࠍ⢻ᕈ↪೑᳓ߩ᳓↪ᬺㄘ㧘ߦਅߩઙ᧦⚂೙ߩ╬
ᣉ೑᳓ᬺㄘࠆߔᣉታߦ߼ߚࠆߔ༡ㆇ࡮ℂ▤ߦ⊛ᷣ⚻㧘⊛₸
 ޕࠆߔߣޠേᵴߩߘ߮ࠃ߅♽૕ⴚᛛࠆࠊଥߦ⸳
⊛⋡ߥ⊛⚳ᦨߩ࠻ࡦࡔࠫࡀࡑ⢻ᕈ↪೑᳓㧘߈ߠၮߦ⟵ቯ
ਈነߩ߳ㅴផ╷ᣉߊߠၮߦ↹⸘ᧄၮ᧛ㄘ࡮ᬺㄘ࡮ᢱ㘩㧘ߪ
એḰ᳓᳞ⷐࠍ⢻ᕈ↪೑᳓㧘ߪߦ߼ߚߩߘޕࠆ޽ߦൻᄢᦨߩ
ℂ᳓㧘ߡߒߣઙ᧦ឭ೨ߩߘޕ޿ߥࠄߥ߫ࠇߌߥߒᜬ⛽ߦ਄
޽߇ⷐᔅࠆߔᜬ⛽ߦ਄એḰ᳓᳞ⷐ߽⢻ᕈㅧ᭴߮ࠃ߅⢻ᕈ
ߒߣ‛૕ታߩ߼ߚࠆߖߐើ⊒ࠍ⢻ᕈߩࠄࠇߘ㧘ߡߒߘޕࠆ
↪೑᳓㧘ߪߢ࿑ห㧘߅ߥޕࠆߥߣⷐᔅ߇⸳ᣉ೑᳓ᬺㄘߩߡ
ߦ૏ਅߪ⢻ᕈㅧ᭴߮ࠃ߅⢻ᕈℂ᳓㧘ߌߠ⟎૏ߦ૏਄ࠍ⢻ᕈ
ߚ߈ߡࠇߐ஻ᢛ߇⸳ᣉ೑᳓ᬺㄘ㧘ߪࠇߎޕࠆ޿ߡߌߠ⟎૏
߮ࠃ߅⢻ᕈℂ᳓㧘ࠅ޽ߦើ⊒ߩ⢻ᕈ↪೑᳓㧘߇⊛⋡ߩធ⋥
ߢࠄ߆ࠆ߃⠨ߣᲑᚻࠆߖߐើ⊒ࠍ⢻ᕈ↪೑᳓ߪ⢻ᕈㅧ᭴
 ޕࠆ޽
ߒޕࠆ޽ߦߣߎࠆߔᜬ⛽ࠍ⢻ᕈ↪೑᳓㧘ߪഀᓎߩ⠪ℂ▤
޿ߥ᧪಴ߪߣߎࠆߔℂ▤ធ⋥ࠍ⢻ᕈ↪೑᳓߇⠪ℂ▤㧘ߒ߆
ࠃߦߣߎࠆߔℂ▤ࠍ⸳ᣉ೑᳓ᬺㄘߩߡߒߣ‛૕ታ㧘߼ߚ
ᕈ↪೑᳓㧘ߖߐើ⊒ߦಾㆡࠍ⢻ᕈℂ᳓߮ࠃ߅⢻ᕈㅧ᭴㧘ࠅ
੺ࠍ⸳ᣉ೑᳓ᬺㄘ㧘ߪ⠪ℂ▤ޕࠆߥߣߣߎࠆ࿑ࠍᜬ⛽ߩ⢻
 ޕࠆ޽ߢߩࠆ޿ߡߒℂ▤ߦ⊛ធ㑆ࠍ⢻ᕈࠄࠇߎߡߒ
ࠆࠇࠄᓧߢߣߎࠆߔߣ⽎ኻ࠻ࡦࡔࠫࡀࡑࠍ⢻ᕈ↪೑᳓
ᬺㄘޕࠆࠇࠄߍ᜼߇ᕈ⽾৻ߩ࠻ࡦࡔࠫࡀࡑ㧘ߪߡߒߣὐ೑
ൻᄌߪ⢻ᕈ᳞ⷐߩߘߡߞࠃߦઍ 㧘ᤨߪഀᓎ߁ᜂ߇⸳ᣉ೑᳓
ഀᓎߩᨒᄢ߁޿ߣਈነߩ߳᧛ㄘ࡮ᬺㄘ࡮ᢱ㘩㧘ߩߩ߽ࠆߔ
ޕࠆࠇࠄ߃⠨ߣ޿ߥߒൻᄌߡߞᷰߦᦼ㐳⊛セᲧ߽ᓟ੹㧘ߪ
⛮ߣ߳᧪ᧂ㧘ߡߒߘ㧘ࠇߐᛚ⛮ߢ߹࿷⃻ࠄ߆෰ㆊ㧘ࠅ߹ߟ
ޕࠆ޽ߢ⢻ᕈ↪೑᳓㧘ߊߥߪߢ⸳ᣉ㧘ߪߩ߽ߊ޿ߡࠇߐᛚ
ࡑߢߣߎࠆߔߣ⢻ᕈ↪೑᳓ࠍ⽎ኻ࠻ࡦࡔࠫࡀࡑ㧘߼ߚߩߘ
ࠆߓ↢߇ᕈ⽾৻ߚߞ┙ߦὐⷞߥ⊛ᦼ㐳ߦേᵴ࠻ࡦࡔࠫࡀ
 ޕࠆࠇࠄ߃⠨ߣ
਄એḰ᳓ℂ▤ࠍ⢻ᕈߩ⸳ᣉሽᣢ㧘ߪᣂᦝߩ⸳ᣉ㧘߫߃଀
ߞ޽߇╷ኻ㧘㧕๮ኼ⊛ℂ‛㧔ว႐޿ή߇╷ኻࠆ߈ߢᜬ⛽ߦ
ᕈ᳞ⷐ㧘ߪ޿ࠆ޽㧘㧕๮ኼ⊛ᷣ⚻㧔ว႐޿ߥߢ⊛ᷣ⚻߽ߡ
ᯏ㧔ว႐ߚߞߥߊߥ߈ߢᔕኻߪߢ⸳ᣉሽᣢࠅࠃߦൻᄌߩ⢻
ߦᕈో቟ࠅࠃߦਅૐᐲᒝޕࠆࠇߐᣉታߦߤߥ㧘㧕๮ኼ⊛⢻
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3渡嘉敷勝：農業用コンクリート水路における摩耗機構および促進摩耗試験に関する研究
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Erosion state of concrete irrigation canal 
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３ 研究の目的と論文の構成 
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４ 本論文における用語の定義 
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Ⅱ 農業用コンクリート水路の摩耗状況 
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ߣ߇น⢻ߢ޽ࠆޕ᷹ቯ࠺࡯࠲ߪ㧘᷹ቯⵝ⟎߆ࠄ៤Ꮺဳࡄ࠰
ࠦࡦߦォㅍߐࠇ଻ሽߐࠇࠆޕ 
៺⠻ᒻ⁁⸘᷹࠺࡯࠲ࠍ↪޿ߡ㧘⴫㕙☻ߐࠍ▚ቯߔࠆޕ⴫
㕙☻ߐߩᜰᮡߣߒߡߪ㧘▚ⴚᐔဋ☻ߐ Raߣᦨᄢ㜞ߐ Rzࠍ
ᬌ⸛ߔࠆޕRa ߪ㧘Fig. 10 ߦ␜ߔࠃ߁ߦ☻ߐᦛ✢߆ࠄߘߩ
ᐔဋ✢ߩᣇะߦၮḰ㐳ߐ lࠍᛮ߈ขࠅ㧘ߎߩᛮ߈ขࠅㇱಽ
ߩᐔဋ✢ߩᣇะߦ xゲࠍ㧘❑୚₸ߩᣇะߦ yゲࠍߣࠅ㧘☻
ߐᦛ✢ࠍ y = f(x)ߣ⴫ߒߚᤨߦᰴᑼߢ᳞߼ࠄࠇࠆޕ 
  (1) 
 
ᦨᄢ㜞ߐ Rzߪ㧘ၮḰ㐳ߐ lߩ඙㑆ౝߦ߅ߌࠆᦨᄢጊ㜞ߐ
ߣᦨᄢ⼱ᷓߐߣߩᏅߢ᳞߼ࠄࠇࠆޕRa㧘Rz ߣ߽୯߇ᄢ߈
޿߶ߤ⴫㕙ߩಳಲ߇ᄢ߈ߊ㧘☻޿ߎߣࠍ␜ߔᜰᮡߢ޽ࠆޕ 
 
 
Fig. 9 ៺⠻ᒻ⁁⸘᷹ⵝ⟎ 
Measuring device for eroded surface profile 
Table 2 ⺞ᩏ᭎ⷐ 
Summary of field investigations 
⸥ภ ࿾඙ Ꮏ⒳ ኻ⽎᧚ᢱ ⺞ᩏᤨ ⚻ㆊᐕ 
ផቯ 
Gmax 
(mm) 
៺⠻ 
ᒻ⁁ 
⸘᷹ 
ࠦࠕ 
ណข 
EPMA 
ಽᨆ 
᳓ྃᵹ 
៺⠻⹜㛎
A ᧲ർ ᳓〝 ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 40 20 ٤ ٤   
B ᧲ർ ᳓〝 51 40 ٤    
C 㑐᧲ ᳓〝 ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 35 40 ٤    
D ᧲ᶏ ᳓〝 ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 38 25 ٤ ٤ ٤ ٤ 
E ਛ࿖ ᳓〝 ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 38 20 ٤ ٤ ٤ ٤ 
F 㑐᧲ 㗡㚂Ꮏ ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 30 40 ٤    
G ᧲ᶏ ᳓〝 ࡐ࡝ࡑ࡯࠮ࡔࡦ࠻ࡕ࡞࠲࡞ 2㨪5 㧙 ٤    
２
a
b
ܴܽ = ଵκ ׬ |݂(ݔ)|
κ
଴ ݀ݔ
⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ 
⺞ᩏ࿾඙ߪ㧘Table 2ߦ␜ߔ A㨪Eߩ 5࿾඙ߩ⃻႐ᛂߜࠦ
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 (2) B࿾඙ 
B࿾඙ߩ⁁ᴫࠍ Fig. 14ߦ㧘߹ߚ㧘᳓〝ᐩ ߆ࠄߩ㜞ߐ೎
ߦ᳞߼ߚ▚ⴚᐔဋ☻ߐ Raࠍ Fig. 15ߦ␜ߔޕB࿾඙ߦ߅޿
ߡߪ㧘ߎߩ᳓〝ߦᄙߊ⷗ࠄࠇࠆ⴫ጀ⁁ᴫߩㅢᏱ㕙㧘Fig. 14
ฝ౮⌀ߦ⷗ࠄࠇࠆࠃ߁ߦ☻㛽᧚ߩ㔺಴߇㗼⪺ߢ޽ࠅಳಲ
⁁ᴫߩᄢ߈ߥ☻㕙㧘߹ߚ㧘᳓〝ࠍᮮᢿߔࠆᯅߩਅ㕙ߢ▚ⴚ
ᐔဋ☻ߐࠍ᳞߼ߚޕ☻㕙ߦ߅޿ߡߪ㧘߫ࠄߟ߈ߪ޽ࠆ߽ߩ
ߩઁߩ㕙ߦᲧセߒߡ▚ⴚᐔဋ☻ߐ߇ᄢ߈ߊ㧘߹ߚ㧘᳓〝ᐩ
 ߦㄭߠߊ߶ߤᄢ߈ߊߥࠆ௑ะࠍ␜ߒߚޕㅢᏱ㕙߅ࠃ߮ᯅ
ߩਅߦߟ޿ߡߪ㧘߶߷ห⒟ᐲߢ޽ࠅ㧘߹ߚ㧘᳓〝㜞ߐᣇะ
ߩ⋧㆑ߪ㗼⪺ߢߪߥ߆ߞߚޕߚߛߒ㧘B࿾඙ߩ▚ⴚᐔဋ☻
ߐߪ㧘వߩ A࿾඙ߦᲧセߒߡ㧘ో ૕⊛ߦ߆ߥࠅᄢ߈ߥ୯ߣ
ߥߞߡ߅ࠅ㧘⴫㕙ߩಳಲ߇ᄢ߈ߥ⁁ᴫߦ޽ࠆߎߣ߇␜ߐࠇ
ߚޕ 
(3) C࿾඙ 
C࿾඙ߩ⁁ᴫࠍ Fig. 16ߦ㧘߹ߚ㧘᳓〝ᐩ ߆ࠄߩ㜞ߐ೎
ߦ᳞߼ߚ▚ⴚᐔဋ☻ߐ Ra ࠍ Fig. 17 ߦ␜ߔޕ⺞ᩏ࿾ὐߩ
C1㧘C6㧘C7ߪ㧘ห৻᳓〝ߦ޽ࠅ㧘C6ߪ C1ߩ 1,500 mਅ
ᵹ㧘C7ߪ C6ߩ 300 mਅᵹ࿾ὐߣߥߞߡ޿ࠆޕC1ߣ C6ߦ
ߟ޿ߡߪ㧘ᄙዋߩ߫ࠄߟ߈ߪ޽ࠆ߽ߩߩ᳓〝ᐩ ߦㄭߠߊ
߶ߤ⴫㕙߇☻ߊߥࠆ௑ะࠍ␜ߒߡ޿ࠆޕC7 ߦߟ޿ߡߪ㧘
㜞ߐ 60 cmઃㄭߩ▚ⴚᐔဋ☻ߐ߇⓭಴ߒߡᄢ߈ߊߥߞߡ޿
ࠆ߇㧘ߎࠇߪ㧘ߎߩ࿾ὐߦ߅ߌࠆ㛽᧚ߩ㔺಴߇ᄢ߈߆ߞߚ
ߎߣߦࠃࠆޕ߹ߚ㧘C7 ࿾ὐߦ߅ߌࠆᐩ ߩ▚ⴚᐔဋ☻ߐ
ߪ C1߅ࠃ߮ C6ߣᲧセߒߡዊߐߥ௑ะࠍ␜ߒߚޕ 
Fig. 11 ⹜㛎૕ߩ EPMAಽᨆ㕙 
EPMA analysis section of the specimen 
Table 3  EPMAಽᨆ᧦ઙ 
EPMA analysis conditions 
㗄⋡ ᧦ઙ 
ടㅦ㔚࿶ 15 kV 
ᾖ኿㔚ᵹ 300 nA 
ࡆ࡯ࡓᓘ 100 Ǵm 
ࠬ࠹࠶ࡊࠨࠗ࠭ 100 Ǵm 
ࠨࡦࡊ࡝ࡦࠣ࠲ࠗࡓ 30 msec 
࠺࡯࠲ࡐࠗࡦ࠻ 800800 
ࠛ࡝ࠕࠨࠗ࠭ 80.0 mm80.0 mm 
⫳⌕᧚ᢱ ὇⚛ 
᷹ቯర⚛ Ca㧘Si㧘S㧘Al 
 
 
y
x
☻䈘ᦛ線
"
RaRz
平均線
ಽᨆ㕙
᳓〝㔺಴㕙ಾࠅ಴ߒ⹜㛎૕
❑
80mm
ᮮ
80mm
10mm
ｃ 粗度係数推定 
⴫㕙☻ߐࠍ↪޿ߡ☻ᐲଥᢙࠍផቯߔࠆޕ☻ᐲଥᢙߪ㧘ਛ
⍫ࠄ㧔2008㧕ߩએਅߩᑼࠃࠅផቯߔࠆޕ 
(2) 
(3) 
  (4) 
ߎߎߦ㧘n㧦ࡑ࠾ࡦࠣߩ☻ᐲଥᢙ㧘ks㧦⋧ᒰ☻ᐲ㧘Ra㧦
▚ⴚᐔဋ☻ߐ㧘Rz㧦ᦨᄢ㜞ߐࠍ⴫ߔޕᑼ(2)ߩ⋧ᒰ☻ᐲ ks
ߩ᳞߼ᣇߦߪ㧘ᑼ(3)߅ࠃ߮(4)ߦ␜ߔࠃ߁ߦ 2 ⒳ߩ⴫㕙☻
ߐᜰᮡ Ra㧘Rz߇ㆡ↪น⢻ߢ޽ࠆߎߣ߇␜ߐࠇߡ޿ࠆޕ 
 
ｄ 元素分析 
⃻࿾᳓〝ࠃࠅណขߒߚࠦࡦࠢ࡝࡯࠻ࠦࠕߩర⚛ಽᨆߦ
ߪ㧘EPMA㧔Electron Probe Micro Analyzer㧘㧔ᩣ㧕ፉᵤ⵾૞ᚲ
EPMA-1600㧕ࠍ↪޿ߚ㕙ಽᨆࠍታᣉߒߚޕD㧘Eਔ࿾඙ߩណ
ขࠦࠕฦ 3 ᧄ㧔᳓〝஥ო᳇ਛㇱ㧘᳓〝஥ო᳓ਛㇱ㧘ᐩ 㧕
ߩ⸘ 6ᧄ߆ࠄ⹜㛎૕ࠍಾࠅ಴ߒߚޕ⹜㛎૕ߪ㧘Fig. 11ߦ␜
ߔࠦࠕߩ૏⟎ࠃࠅಾࠅ಴ߒ㧘ಽᨆ㕙ࠍ⎇⏴ߒߚᓟ㧘὇⚛⫳
⌕ߒߡಽᨆࠍⴕߞߚޕEPMAߩಽᨆ᧦ઙࠍ Table 3ߦ␜ߔޕ 
EPMAߦࠃࠆ㕙ಽᨆߩᢙ୯࠺࡯࠲ࠍ↪޿ߡ㧘⴫㕙߆ࠄߩ
ᷓߐᣇะߩ Caߩ⾰㊂ỚᐲಽᏓࠍ᳞߼ߚޕ࿯ᧁቇળ㧔2006㧕
ߩᣇᴺࠍ↪޿ߡᢙ୯࠺࡯࠲߆ࠄ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱߩ࠺
࡯࠲ࠍ⼂೎ߒߡ᛽಴ߒ㧘⴫㕙߆ࠄߩᷓߐᣇะߦᐔဋ୯ࠍ▚
ቯߒߚޕ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱߩ⼂೎ߦߪ㧘Siߣ Alߩ 2ߟ
ߩర⚛ߩ⚵ߺวࠊߖࠍ೑↪ߒߚޕ 
 
３ 結果と考察 
ａ 摩耗状況 
(1) A࿾඙ 
A࿾඙ߩ⁁ᴫࠍ Fig. 12ߦ㧘߹ߚ㧘᳓〝ᐩ ߆ࠄߩ㜞ߐ೎
ߦ᳞߼ߚ▚ⴚᐔဋ☻ߐ Raࠍ Fig. 13ߦ␜ߔޕ㜞ߐ 60߅ࠃ߮
70 cm߇᳓ਛㇱߢ޽ࠅ㧘100߅ࠃ߮ 110 cm߇᳇ਛㇱߣߥߞ
ߡ޿ࠆޕߎߩ⚿ᨐࠃࠅ㧘᳇ਛㇱࠃࠅ᳓ਛㇱߦ߅޿ߡ㧘⴫㕙
߇☻ߊߥߞߡ߅ࠅ㧘หߓ᳇ਛㇱ߅ࠃ߮᳓ਛㇱߦ߅޿ߡ߽᳓
〝ᐩ ߦㄭߊߥࠆ߶ߤ⴫㕙߇☻ߊߥࠆ௑ะߦ޽ࠆߎߣ߇ࠊ
߆ࠆޕߎߩℂ↱ߣߒߡߪ㧘ᐩ ߦㄭߠߊ߶ߤ᳓ߦធ⸅ߒߡ
៺⠻૞↪ࠍฃߌࠆᤨ㑆߇Ⴧടߔࠆߎߣ߇⠨߃ࠄࠇࠆޕ 
Fig. 10 ▚ⴚᐔဋ☻ߐ Ra߅ࠃ߮ᦨᄢ㜞ߐ Rz 
㧔Raߪ㧘࿑ਛߩ☻ߐᦛ✢ߣᐔဋ✢ߢ࿐߹ࠇࠆ㕙Ⓧ㧔㕍⦡ㇱ㧕
ߩ✚๺ࠍၮḰ㐳ߢ㒰ߒߚᤨߩ୯㧔᩶⦡ㇱߩ㜞ߐ㧕ߢ޽ࠆޕ㧕 
Concepts of arithmetic average roughness Ra and maximum height Rz 
݊ = 0.042݇ݏଵ ଺ൗ  
݇ݏ = 2 × ܴܽ 
݇ݏ = 0.26 × ܴݖ
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 (4) D࿾඙ 
D࿾඙ߩ⁁ᴫࠍ Fig. 18ߦ㧘߹ߚ㧘᳓〝ᐩ ߆ࠄߩ㜞ߐ೎
ߦ᳞߼ߚ▚ⴚᐔဋ☻ߐ Raࠍ Fig. 19ߦ␜ߔޕߎߎߢߪ㧘Ꮐ
ฝጯߩ஥ოߦߟ޿ߡ⸘᷹ߒߚޕߚߛߒ㧘᳓〝ᐩ ߆ࠄ㜞ߐ
20 cmߩ૏⟎ߪ㧘ᵆߩઃ⌕߇⹺߼ࠄࠇ㧘ቢోߥࠦࡦࠢ࡝࡯
࠻ߩ⴫㕙ߢߥ޿⁁ᴫߢߩ⸘᷹ߢ޽ߞߚߚ߼㧘ߎߩ㜞ߐߦ߅
ߌࠆ࠺࡯࠲ߪෳ⠨ߣߔࠆޕFig. 19ࠃࠅ㧘Ꮐฝጯߦ߅ߌࠆ▚
ⴚᐔဋ☻ߐߦߪ⋧㆑߇޽ࠅ㧘ฝጯߩᣇ߇ࠃࠅ⴫㕙߇☻޿⁁
ᴫߢ޽ߞߚޕߒ߆ߒߥ߇ࠄ㧘⃻࿾ߦ߅ߌࠆ⋡ⷞߢߪ㧘ߘߩ
⋧㆑ߪ⹺⍮ߢ߈ߥ߆ߞߚޕߎߩࠃ߁ߥᏅ⇣߇↢ߓߚℂ↱ߣ
ߒߡߪ㧘᧚ᢱ㧘ᣉᎿߦ߅޿ߡ૗ࠄ߆ߩᏅ߇↢ߓ㧘ߘߩߚ߼
ߦฝጯ஥ߦ߅޿ߡ⠴៺⠻ᕈߦഠࠆࠦࡦࠢ࡝࡯࠻ߣߥߞߚ
ߎߣ߇⠨߃ࠄࠇࠆޕ߹ߚ㧘ᧄ᳓〝߇ർ᧲߆ࠄධ⷏ߦะ߆ߞ
ߡ޿ࠆߎߣ߆ࠄฝጯ஥߇ߤߜࠄ߆ߣ⸒߃߫ධ㕙ߒߡ޿ࠆޕ
ߘߩߚ߼㧘ⅣႺ᧦ઙߩ⋧㆑߇⠴៺⠻ᕈߦᓇ㗀ࠍ෸߷ߒߚߎ
ߣ߽⠨߃ࠄࠇࠆޕ 
(5) E࿾඙ 
E࿾඙ߩ⁁ᴫࠍ Fig. 20ߦ㧘߹ߚ㧘᳓〝ᐩ ߆ࠄߩ㜞ߐ೎
ߦ᳞߼ߚ▚ⴚᐔဋ☻ߐ Raࠍ Fig. 21ߦ␜ߔޕᐩ ߆ࠄߩ㜞
ߐ 30߅ࠃ߮ 40 cmߦ߅޿ߡߪ㧘ࠦࡦࠢ࡝࡯࠻⴫㕙ߦᵆ߇
ઃ⌕ߒߡ޿ߚߚ߼ෳ⠨୯ߢ޽ࠆޕ᳓ਛㇱ㧔60㧘70㧘80 cm㧕
ߩᣇ߇᳇ਛㇱ㧔100㧘120 cm㧕ࠃࠅ߽⴫㕙߇☻޿௑ะࠍ␜
ߒߚޕ 
 (6) ࿾඙㑆ߩᲧセ 
਄ㅀߩ 5࿾඙ߦߟ޿ߡ ߆ࠄផቯߒߚ☻ᐲଥᢙࠍ Fig. 22
ߦ␜ߔޕᦨዊ୯ߪA࿾඙ߩ 0.0113㧘ᦨᄢ୯ߪB࿾඙ߩ 0.0192
 
 
Fig. 12 A࿾඙ߩ᳓〝⁁ᴫ 
Canal state in the A district 
 
Fig. 13 A࿾඙ߩ▚ⴚᐔဋ☻ߐ Ra  
Arithmetic average roughness Ra versus the height of the canal 
sidewall from the bottom in the A district 
0.0 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0 20 40 60 80 100 120
▚
ⴚ
ᐔ
ဋ
☻
ߐ
R
a 
(m
m
)
᳓〝ᐩ ߆ࠄߩ㜞ߐ (cm)
 
 
Fig. 14 B࿾඙ߩ⁁ᴫ 
Canal state in the B district 
 
Fig. 15 B࿾඙ߩ▚ⴚᐔဋ☻ߐ Ra  
Arithmetic average roughness Ra versus the height of the canal 
sidewall from the bottom in the B district 
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 ߣߥߞߚޕ⴫㕙߇☻߆ߞߚ B࿾඙ߦ߅޿ߡ☻ᐲଥᢙ߇ᄢ߈
ߊߥߞߡ޿ࠆޕB࿾඙ࠍ㒰ߊ࿾඙ߦ߅޿ߡߪ㧘ផቯ☻ᐲଥ
ᢙ߇ 0.0113㨪0.0156ߣߥߞߡ߅ࠅ㧘࿯࿾ᡷ⦟੐ᬺ⸘↹⸳⸘
ၮḰ࡮⸳⸘ޟ᳓〝Ꮏޠ㧔ㄘᨋ᳓↥⋭ㄘ᧛ᝄ⥝ዪ㧘2001㧕ߦ
⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ߩ☻ᐲଥᢙ ߣߒߡ⸥タߐࠇߡ޿ࠆ
ᦨዊ୯ 0.012 ߅ࠃ߮ᦨᄢ୯ 0.016 ߦ᭎ߨวߞߡ޿ࠆޕB ࿾
඙ߦ߅޿ߡߪ㧘ᦨዊ୯ 0.0136 ߅ࠃ߮ᦨᄢ୯ 0.0192 ߣ߆ߥ
ࠅᄢ߈ߥ୯ߣߥߞߡ޿ࠆޕߎߩේ࿃ߣߒߡߪ㧘B࿾඙ߩଏ
↪ᐕᢙ߇ 50 ᐕࠍ⿥߃ߡ߅ࠅ㧘☻㛽᧚๟ㄝㇱߩࡕ࡞࠲࡞ಽ
ߩ⣕㔌߇ᄙߊ㧘ߘߩߚ߼ߦ㧘ಳಲ㕙ߩ㜞ૐᏅ߇ᄢ߈ߊߥߞ
ߚ߽ߩ⠨߃ࠄࠇࠆޕ 
Fig. 23 ߦ▚ⴚᐔဋ☻ߐ Ra ߣᦨᄢ㜞ߐ Rz ߣߩ㑐ଥࠍ␜
ߔޕB࿾඙ߦ߅޿ߡᦨᄢߩ☻ᐲଥᢙࠍ␜ߒߚߩߪ㧘▚ⴚᐔ
ဋ☻ߐᦨᄢߩὐߢ޽ࠅ㧘ߘߩᤨߩᦨᄢ㜞ߐߪ 26.4 mmߢ޽
ߞߚޕ߹ߚ㧘ห࿑߆ࠄߪᰴߩ 2ὐ߇ᜰ៰ߢ߈ࠆޕa) ▚ⴚᐔ
ဋ☻ߐRaߣᦨᄢ㜞ߐRzߣߩ㑐ଥߪ✢ᒻߩ㑐ଥࠍ᦭ߒߡ޿
ࠆߎߣ㧘b) B࿾඙ࠍ㒰ߊ࿾඙ߦ߅޿ߡߪᦨᄢ㜞ߐ߇߶߷ 10 
mm ⒟ᐲߣߥߞߡ޿ࠆߎߣ㧘ߢ޽ࠆޕa)ߦߟ޿ߡߪ㧘5 ࿾
඙ߩ࠺࡯࠲ࠍ⛔วߒߡᦨዊੑਸ਼ᴺߦࠃࠆ✢ᒻㄭૃࠍ᳞߼
ߚߣߎࠈ㧘᳿ቯଥᢙߪ 0.93ߣߥࠅ㧘⋧㑐߇㜞޿ߎߣ߇␜ߐ
ࠇߚޕߎࠇߪ㧘⃻႐ߦ߅޿ߡ◲ᤃ⊛ߦᦨᄢ㜞ߐࠍ᳞߼ࠆߎ
ߣ߇ߢ߈ࠇ߫㧘⴫㕙☻ߐߩᜰᮡߣߒߡ߽޽ࠆ⒟ᐲା㗬ߩ߅
ߌࠆ࠺࡯࠲ࠍขࠅᓧࠆߎߣࠍ␜ໂߒߡ޿ࠆޕౕ૕⊛ߦߪ㧘
೰ᕈߩ㜞޿ቯⷙߥߤࠍࠦࡦࠢ࡝࡯࠻⴫㕙ߦᒰߡ㧘ߘߩቯⷙ
ਅ㕙߆ࠄᦨᄢ⼱ᷓߐߣᕁࠊࠇࠆ࿾ὐ߹ߢߩ㐳ߐࠍࡁࠡࠬ
ߥߤߢ᳞߼ࠇ߫㧘ᦨᄢ㜞ߐ߇᳞߹ࠆޕߎߩߎߣߪ㧘࡟࡯ࠩ
࡯ᄌ૏⸘ߥߤ߇↪ᗧߢ߈ߥ޿⃻႐ߦ߅ߌࠆ◲ᤃ☻ߐᜰᮡ
ߩ▚಴߇ᦼᓙߢ߈ࠆߎߣࠍ␜ໂߔࠆ߽ߩߢ޽ࠆޕ߹ߚ㧘b)
 
 
Fig. 16 C࿾඙ߩ᳓〝⁁ᴫ 
Canal state in the C district 
 
Fig. 17 C࿾඙ߩ▚ⴚᐔဋ☻ߐ Ra 
Arithmetic average roughness Ra versus the height of the canal 
sidewall from the bottom in the C district 
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Fig. 18 D࿾඙ߩ⁁ᴫ 
Canal state in the D district 
 
Fig. 19 D࿾඙ߩ▚ⴚᐔဋ☻ߐ Ra 
Arithmetic average roughness Ra versus the height of the canal 
sidewall from the bottom in the D district 
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 ߦߟ޿ߡߪ㧘૒⮮ࠄ㧔2008㧕߇ࠦࡦࠢ࡝࡯࠻ߦ߅ߌࠆ⴫㕙
߆ࠄ☻㛽᧚ߩ㗂ㇱ߹ߢߩ〒㔌߇᭎ߨ 6 mmએਅߢ޽ࠆߎߣ
ࠍ␜ߒߡ޿ࠆߎߣ߆ࠄ㧘ଏ↪ 40ᐕ⒟ᐲߩᄙߊߩ᳓〝ߢߪ㧘
ᦨᄢ㜞ߐ 10 mm 㧗 6 mm 㧩16 mm⒟ᐲ߇┫Ꮏᤨ߆ࠄߩ៺
⠻ߒߚᷓߐߢ޽ࠆߣផቯߢ߈ࠆޕߎࠇߪ㧘੹ᓟߩ៺⠻੍᷹
ࠍⴕ߁਄ߢߩ㊀ⷐߥ⍮⷗ߣ⠨߃ࠄࠇࠆޕ 
Fig. 24ߦ▚ⴚᐔဋ☻ߐRaߣᦨᄢ㜞ߐRzߣ߆ࠄ᳞߼ߚផ
ቯ☻ᐲଥᢙߩ㑐ଥࠍ 1:1⋥✢ߣߣ߽ߦ␜ߔޕߎߩ࿑ࠃࠅ㧘
☻ᐲଥᢙ 0.015ࠍਛᔃߣߒߡߘࠇࠃࠅᄢ߈ߥ☻ᐲଥᢙߦ߅
޿ߡߪ㧘 ߆ࠄ᳞߼ߚផቯ☻ᐲଥᢙߩ୯߇ ߆ࠄ᳞߼ߚ୯ࠃ
ࠅ߽ᄢ߈ߊ㧘☻ᐲଥᢙ 0.015ࠃࠅዊߐߥ㗔ၞߢߪ㧘ㅒߦ ߆
ࠄ᳞߼ߚ୯ߩᣇ߇ᄢ߈ߊߥࠆ௑ะ߇⷗ࠄࠇࠆޕ 
 (7) ᳓〝ߦ߅ߌࠆ៺⠻⁁ᴫߣ㗡㚂Ꮏߦ߅ߌࠆ៺⠻⁁ᴫ
ߣߩᲧセ 
Fig. 25ߦ F࿾඙ߩ⁁ᴫࠍ␜ߔޕᏀ౮⌀ߪ㗡㚂Ꮏߩࠛࡊࡠ
ࡦㇱࠍਅᵹ஥߆ࠄ᠟ᓇߒߚ߽ߩ㧘߹ߚ㧘ฝ౮⌀ߪࠛࡊࡠࡦ
ㇱߩ៺⠻⁁ᴫࠍធ౮ߒߚ߽ߩߢ޽ࠆޕᏀ౮⌀߆ࠄߪ㧘᳓ߺ
ߜㇱಽ߇ሽ࿷ߔࠆߎߣ㧘ߟ߹ࠅ㧘ዪᚲ⊛ߦ៺⠻ᷓߐ߇ᄢ߈
ߥߣߎࠈ߇↢ߓߡ޿ࠆߎߣ߇⺒ߺขࠇࠆޕߎߩࠃ߁ߥㅢ〝
߇↢ߓࠆේ࿃ߣߒߡߪ㧘ࠛ ࡊࡠࡦㇱߦ೔㆐ߒߚ␕߿ጤ߇᳓
ߺߜㇱಽߦ⪭ߜㄟߺ㧘ߘߩㇱಽࠍォ߇ࠆߎߣߢ㧘៺⠻ㅴⴕ
߇ઁߩㇱಽࠃࠅ߽ㅦߊߥߞߚߎߣ߇⠨߃ࠄࠇࠆޕฝ౮⌀߅
ࠃ߮ Fig. 26 ߆ࠄߪ㧘☻㛽᧚ߣߘߩ๟ㄝㇱߩࡕ࡞࠲࡞ㇱߣ
߇߆ࠎߥߢ೥ߞߚࠃ߁ߦ৻᭽ߦ៺⠻߇ㅴⴕߒߡ޿ࠆߎߣ
߇⺒ߺขࠇࠆޕߘߒߡ㧘ⴣ᠄ߢ៊்ߒߚߣ⠨߃ࠄࠇࠆ㛽᧚
߽ᢔ⷗ߐࠇࠆޕ߹ߚ㧘☻㛽᧚ߪ޽ࠆ⒟ᐲ๟ㄝߩࡕ࡞࠲࡞ㇱ
߇៺⠻ߔࠆߣ⣕㔌ߒߡ޿ࠆߎߣ߇␜ߐࠇߡ޿ࠆޕ 
ߎࠇࠄߩ៺⠻⁁ᴫߣ଀߃߫ Fig. 14 ߩ᳓〝ߩ៺⠻⁁ᴫߣ
 
 
Fig. 20 E࿾඙ߩ⁁ᴫ 
Canal state in the E district 
 
Fig. 21 E࿾඙ߩ▚ⴚᐔဋ☻ߐ Ra 
Arithmetic average roughness Ra versus the height of the canal 
sidewall from the bottom in the E district 
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Fig. 22 ផቯ☻ᐲଥᢙ 
Estimated roughness coefficient from arithmetic average roughness 
Ra versus the height of the canal wall from the bottom 
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Fig. 23 ▚ⴚᐔဋ☻ߐ Raߣᦨᄢ㜞ߐ Rzߣߩ㑐ଥ 
Maximum height Rz versus arithmetic average roughness Ra 
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Fig. 24 Ra߅ࠃ߮ Rz߆ࠄ᳞߼ߚផቯ☻ᐲଥᢙߩ㑐ଥ 
Estimated roughness coefficient from Rz versus that from Ra 
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 ࠍᲧセߔࠆߣᄢ߈ߊ⋧㆑ߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕ᳓〝஥ო
ߩ៺⠻ߢߪ㧘ࠦࡦࠢ࡝࡯࠻ߩ㛽᧚ߪ߶ߣࠎߤ៺⠻ߖߕ㧘๟
ࠅߩࡕ࡞࠲࡞ㇱߛߌ߇៺⠻ߒ㧘៺⠻⴫㕙߇ಳಲߩ⁁ᴫࠍᒻ
ᚑߒߡ޿ࠆޕߎߩਔ⠪ߩ៺⠻⁁ᴫߩ⋧㆑ߪ㧘៺⠻ᯏ᭴ߩ⋧
㆑߅ࠃ߮᧚ᢱߩ⋧㆑ߦ⿠࿃ߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ㗡㚂Ꮏ
ࠛࡊࡠࡦㇱߦ߅޿ߡߪ㧘ᵹ᳓ਛߦ฽߹ࠇࠆ␕ߦࠃࠆォ߇
ࠅ࡮ⴣ᠄៺⠻߇ਥⷐ࿃ߣ⠨߃ࠄࠇ㧘৻ᣇ㧘↪᳓〝஥ოㇱߦ
߅޿ߡߪ㧘ᵹ᳓߅ࠃ߮ᵹ᳓ਛߩ⍾ಽߦࠃࠆࠛࡠ࡯࡚ࠫࡦ៺
⠻߇ਥⷐ࿃ߣ⠨߃ࠄࠇࠆޕ 
߹ߚ㧘ࠦࡦࠢ࡝࡯࠻᧚ᢱߩ⋧㆑ߢߪ㧘㗡㚂Ꮏࠛࡊࡠࡦㇱ
ߦ߅޿ߡߪ㧘᳓࠮ࡔࡦ࠻Ყߩዊߐ޿㜞ᒝᐲࠦࡦࠢ࡝࡯࠻߇
↪޿ࠄࠇߡ޿ࠆߚ߼㧘㛽᧚๟ࠅߩࡕ࡞࠲࡞ㇱߩ⠴៺⠻ᕈ⢻
߇㜞޿ߩߦኻߒ㧘᳓〝஥ოㇱߦ߅޿ߡߪ㧘㗡㚂Ꮏࠛࡊࡠࡦ
ㇱߦᲧߴߡ᳓࠮ࡔࡦ࠻Ყ߇ᄢ߈޿ࠦࡦࠢ࡝࡯࠻߇↪޿ࠄ
ࠇߡ޿ࠆߚ߼ߦ㛽᧚๟ࠅߩࡕ࡞࠲࡞ㇱߩ⠴៺⠻ᕈ⢻߇ૐ
ߊߥߞߡ޿ࠆޕߎࠇࠄߩේ࿃߇៺⠻⴫㕙ߩᒻᚑߦᏅ⇣ࠍ߽
ߚࠄߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ 
ߥ߅㧘ਔ៺⠻ᯏ᭴ߩ૞↪ജߩᲧセߢߪ㧘☻㛽᧚ߩ៺⠻ࠍ
ㅴⴕߐߖࠆ␕ߦࠃࠆォ߇ࠅ࡮ⴣ᠄៺⠻߇㧘☻㛽᧚ߩ៺⠻ࠍ
ㅴⴕߐߖߥ޿ᵹ᳓߅ࠃ߮⍾ߦࠃࠆࠛࡠ࡯࡚ࠫࡦ៺⠻ࠃࠅ
߽ᄢ߈޿ߣ⠨߃ࠄࠇࠆޕᧄ⺰ᢥߢߪ㧘೨⠪ࠍᒝ޿៺⠻૞↪㧘
ᓟ⠪ࠍᒙ޿៺⠻૞↪ߣଢቱ਄ಽ㘃ߔࠆޕߎࠇࠄߩ៺⠻૞↪
ߣ៺⠻⁁ᴫߣߩ㑐ଥࠍ࿑␜ߔࠆߣ Fig. 27ߣߥࠆޕ 
 (8) ࡐ࡝ࡑ࡯࠮ࡔࡦ࠻ࡕ࡞࠲࡞ߩ៺⠻⁁ᴫ 
G࿾඙ߩ⁁ᴫࠍ Fig. 28ߦ␜ߔޕᏀ౮⌀ࠃࠅ㧘ࡐ࡝ࡑ࡯࠮
ࡔࡦ࠻ࡕ࡞࠲࡞ࠍ↪޿ߚ⵬ୃᎿᴺߦ߅޿ߡ߽㧘ᢙᐕߩଏ↪
Fig. 26 ៺⠻⴫㕙ߩ᜛ᄢ 
㧔⊕ਣߢ࿐ߞߚㇱಽߪ㧘☻㛽᧚ߩ⣕㔌ߒߚ∥㧕 
Macrograph of abraded surface. White circles indicate the 
desorption pits of coarse aggregate. 
Fig. 27 ៺⠻૞↪ߣ៺⠻⁁ᴫ 
Concepts of weak and strong erosion action, and the results of 
eroded states by each action 
 
 
Fig. 28 ⵬ୃᓟߦ៺⠻ߐࠇߚ G࿾඙ߩ᳓〝⁁ᴫ 
Eroded canal state after repair in the G district. The polymer 
cement paste is lost, the fine aggregate remains at the surface. 
 
 
Fig. 25 F࿾඙㧔㗡㚂Ꮏ㧕ߩ⁁ᴫ 
Apron state of head works in the F district 
 
 
ೋᦼࠦࡦࠢ࡝࡯࠻
ᒙ޿૞↪ ᒝ޿૞↪
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 ߢ⴫㕙߇⧯ᐓ☻ߊߥߞߡ޿ࠆߎߣ߇ࠊ߆ࠆޕߘߩ⁁ᴫࠍࡑ
ࠗࠢࡠࠬࠦ࡯ࡊߦࠃࠅ᜛ᄢߔࠆߣ㧔ฝ౮⌀㧕㧘⚦㛽᧚๟ࠅ
ߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱ߇⣕㔌ߒߡ޿ࠆ⁁ᴫ߇ࠊ߆ࠆޕߎߩ
⁁ᴫࠃࠅ㧘៺⠻ㅴⴕߩㆊ⒟ߪ㧘వߦ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱ߇
⣕㔌ߒ㧘ᰴߦ⚦㛽᧚߇⣕㔌ߔࠆߣ⠨߃ࠄࠇࠆޕࡐ࡝ࡑ࡯࠮
ࡔࡦ࠻ߪ᥉ㅢ࠮ࡔࡦ࠻ࠃࠅ߽ᒁᒛࠅ㧘ធ⌕ᕈߥߤߦఝࠇࠆ
ߎߣ߆ࠄ㧘⚿ว᧚ߣߒߡߩࡐ࡝ࡑ࡯ࠍ฽߹ߥ޿᥉ㅢࠦࡦࠢ
࡝࡯࠻ߦ߅޿ߡ߽㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱߩ⣕㔌߆ࠄ⚦㛽᧚
ߩ⣕㔌߳ߣ៺⠻߇ㅴⴕߔࠆ߽ߩߣ್ᢿߐࠇࠆޕ 
 
 
஥ო᳇ਛㇱ㧔ណขࠦࠕ㐳㧦⚂ 150 mm㧕 
 
஥ო᳓ਛㇱ㧔ណขࠦࠕ㐳㧦⚂ 150 mm㧕 
 
ᐩ 㧔ណขࠦࠕ㐳㧦⚂ 200 mm㧕 
Fig. 29 D࿾඙ߩ஥ო᳇ਛㇱ㧘஥ო᳓ਛㇱ㧘ᐩ ߩ Ca 2ᰴరಽᏓ↹௝߅ࠃ߮ CaỚᐲಽᏓ 
㧔2ᰴరಽᏓ↹௝਄ᣇߩ⿒ታ✢ߪ⹜㛎૕⴫ጀ㧘߹ߚ㧘ỚᐲಽᏓߩ⿒⎕✢ߪṁ⣕ࡈࡠࡦ࠻ࠍ␜ߔޕ㧕 
2-dimensional distribution image and concentration profile of Ca in canal concrete specimen in the D district. From the upper: sidewall in the air 
portion, sidewall in submerged portion, and the bottom. 
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 b 元素分析 
D ࿾඙߅ࠃ߮ E ࿾඙ࠃࠅណขߒߚࠦࠕߦࠃࠆ EPMA ಽ
ᨆ⚿ᨐࠍ Fig. 29߅ࠃ߮ Fig. 30ߦ␜ߔޕฦ࿾඙ߣ߽᳓〝஥
ო᳇ਛㇱ㧘᳓〝஥ო᳓ਛㇱ㧘ᐩ ߩ 3૕ߢ޽ࠆޕಽᨆኻ⽎
ర⚛ߪ㧘Ca㧘Si㧘S㧘Alߩ 4ర⚛ߣߒߚ߇㧘ߎߎߢߪ㧘Ca
ߦߟ޿ߡߩߺᬌ⸛ߔࠆޕߘߩℂ↱ߪ㧘᳓ߣ㐳ᦼ㑆ធ⸅ߒߡ
޿ࠆࠦࡦࠢ࡝࡯࠻ߦ߅޿ߡߪ㧘Ca ߩṁ⣕߇ㅴⴕߒ㧘ࠦࡦ
ࠢ࡝࡯࠻⚵❱ߩ⣀ᒙൻ߇ࠦࡦࠢ࡝࡯࠻ߩജቇ⊛․ᕈߦᓇ
㗀ࠍ෸߷ߔߎߣ߇⺖㗴ߣߥߞߡ޿ࠆ߆ࠄߢ޽ࠆ㧔⋿᎑ࠄ㧘
1991㧧ฎỈ㧘1997㧧಴ญࠄ㧘2000㧧ᄢහࠄ㧘2001㧧቟↰ࠄ㧘
 
஥ო᳇ਛㇱ㧔ណขࠦࠕ㐳㧦⚂ 150 mm㧕 
 
஥ო᳓ਛㇱ㧔ណขࠦࠕ㐳㧦⚂ 150 mm㧕 
 
ᐩ 㧔ណขࠦࠕ㐳㧦⚂ 200 mm㧕 
Fig. 30 E࿾඙ߩ஥ო᳇ਛㇱ㧘஥ო᳓ਛㇱ㧘ᐩ ߩ Ca 2ᰴరಽᏓ↹௝߅ࠃ߮ CaỚᐲಽᏓ 
㧔2ᰴరಽᏓ↹௝਄ᣇߩ⿒ታ✢ߪ⹜㛎૕⴫ጀ㧘߹ߚ㧘ỚᐲಽᏓߩ⿒⎕✢ߪṁ⣕ࡈࡠࡦ࠻ࠍ␜ߔޕ㧕 
2-dimensional distribution image and concentration profile of Ca in canal concrete specimen in the E district. From the upper: sidewall in the air 
portion, sidewall in submerged portion, and the bottom. 
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 2001㧧ᮮ㑐ࠄ㧘2002㧧࿯ᧁቇળࠦࡦࠢ࡝࡯࠻ᆔຬળൻቇ⊛
ଚ㘩࡮ṁ⣕⎇ⓥዊᆔຬળ㧘2003㧧ౝ↰ࠄ㧘2004㧕ޕ߹ߚ㧘
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ Ca ṁ⣕⁁ᴫߦ㑐ߔࠆᜰ
៰߽ㄭᐕߥߐࠇߡ޿ࠆ㧔⍹␹ࠄ㧘2005㧧ਭ↰㧘2008㧧᫪ࠄ㧘
2009㧕ޕ࿑ߩ CaỚᐲಽᏓߦߪ㧘ṁ⣕ࡈࡠࡦ࠻ߣ⠨߃ࠄࠇࠆ
૏⟎ࠍ⎕✢ߢ␜ߔߣߣ߽ߦ⴫ጀ߆ࠄߩ〒㔌ࠍ⸥タߒߚޕ 
ߎࠇࠄߩ࿑ࠃࠅ㧘(1)ోߡߩࠦࠕߦ߅޿ߡ⴫ጀઃㄭߪ Ca
Ớᐲ߇ૐਅߒߡ޿ࠆߎߣ㧘(2)⴫㕙߆ࠄṁ⣕ࡈࡠࡦ࠻߹ߢߩ
ᷓߐߪ 13㨪36 mm⒟ᐲ㧘 (3) ṁ⣕ࡈࡠࡦ࠻ઃㄭߩ CaỚᐲ
ߪ 18㨪30%⒟ᐲ㧘(4)᳇ਛㇱߩ⴫ጀߦ߅޿ߡ߽ CaỚᐲߪૐ
ਅߔࠆߎߣ㧘ߣߥߞߡ޿ࠆߎߣ߇್᣿ߒߚޕ߹ߚ㧘ࠦࠕ⴫
㕙ࠍ៺⠻ࡈࡠࡦ࠻ߣߔࠇ߫㧘ṁ⣕ࡈࡠࡦ࠻ߩᣇ߇ᷓߊㅴⴕ
ߒߡ޿ࠆ⁁ᴫߦ޽ࠆߎߣ߇␜ߐࠇߚޕߥ߅㧘D࿾඙᳇ਛㇱ
ࠦࠕߩ CaỚᐲߢߪ㧘᳓〝ౝ㕙஥߳ߩ CaỚᐲૐਅ߇޽ࠆ৻
ᣇ㧘⢛㕙஥ߦ߽ᕆỗߦ Ca Ớᐲ߇ૐਅߒߡ޿ࠆ௑ะ߇␜ߐ
ࠇߚޕࠦࠕណข૏⟎ߩ᳓〝஥ო⢛㕙ߪ᳇ਛߦ㔺಴ߒߡ߅
ࠅ㧘࿾ਅ᳓ߦធ⸅ߢ߈ࠆⅣႺߦߪߥߊ㧘ߎߩࠃ߁ߥ௑ะ߇
␜ߐࠇߚේ࿃ߪਇ᣿ߢ޽ࠆޕ 
ṁ⣕ࡈࡠࡦ࠻ઃㄭߩ Ca Ớᐲࠍࠦࡦࠢ࡝࡯࠻ᛂ⸳ೋᦼߩ
CaỚᐲߣᗐቯߒߚ႐วߩೋᦼCaỚᐲߣṁ⣕ࡈࡠࡦ࠻〒㔌
ߣߩ㑐ଥࠍ Fig. 31 ߦ␜ߔޕߎߩ࿑ࠃࠅ㧘߫ࠄߟ߈ߪ޽ࠆ
߽ߩߩ㧘Ca Ớᐲߩ㜞޿ᣇ߇ṁ⣕ࡈࡠࡦ࠻〒㔌ߪዊߐߊߥ
ߞߡ޿ࠆߎߣ߇␜ߐࠇߚޕߟ߹ࠅ㧘Ca Ớᐲߩ㜞޿ࠦࡦࠢ
࡝࡯࠻ߢߪṁ⣕ㅴⴕ߇ㆃߊ㧘Ca Ớᐲߩૐ޿ࠦࡦࠢ࡝࡯࠻
ߢߪṁ⣕ㅴⴕ߇ㅦ޿ߎߣࠍ␜ߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ 
 
c 実水路における摩耗状況 
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅޿ߡߪ㧘៺⠻߇ㅴⴕߒߚࠦ
ࡦࠢ࡝࡯࠻⴫㕙ߢ☻㛽᧚߇㔺಴ߒ㧘ಳಲߩᄢ߈ߥᒻ⁁߇⃻
ࠇߡ޿ࠆޕߘߩ៺⠻⁁ᴫ߆ࠄ㧘᳓ᵹ߅ࠃ߮᳓ᵹਛߩ⍾ߥߤ
ߦࠃࠆࠛࡠ࡯࡚ࠫࡦ៺⠻߇ㅴⴕߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕߒ
߆ߒ㧘40ᐕ⒟ᐲଏ↪ߐࠇߚ᳓〝ߦ߅޿ߡ߽ೋᦼ⴫㕙߆ࠄߩ
ᦨᄢ៺⠻ᷓߐߪ 16 mm⒟ᐲߢ޽ࠆߣផቯߐࠇߚޕߚߛߒ㧘
㛽᧚㔺಴ߪ᳓〝ߩ☻ᐲଥᢙࠍᄢ߈ߊߒ㧘ㅢ᳓ᕈ⢻ࠍૐਅߐ
ߖࠆේ࿃ߣ߽ߥࠆߚ߼㧘ኻ⽎᳓〝ߦ߅޿ߡㅢ᳓ᕈ⢻߇ⷐ᳞
ᕈ⢻ࠍḩߚߒߡ޿ࠆ߆ߤ߁߆ࠍ⏕⹺ߔࠆᔅⷐ߇޽ࠆޕ 
ߥ߅㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝߆ࠄߩ Ca ṁ⣕ߦߟ޿ߡ
ߪ㧘EPMA ಽᨆߩ⚿ᨐ߆ࠄ᣿ࠄ߆ߣߥߞߚ߇㧘Ca ṁ⣕߇
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩ៺⠻․ᕈߦਈ߃ߡ޿ࠆᓇ㗀ߦ
ߟ޿ߡߪ㧘ᧄ⺞ᩏߢߪ᣿ࠄ߆ߣߥߞߡ޿ߥ޿ޕߎߩᓇ㗀ߦ
ߟ޿ߡߪ㧘╙Υ┨ߢᬌ⸛ߔࠆޕ 
 
４ 結論 
ᧄ┨ߢߪ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩታᘒ⺞ᩏࠃࠅ㧘ଏ
↪ᓟᢙචᐕ߇⚻ㆊߒߚࠦࡦࠢ࡝࡯࠻⴫㕙⁁ᴫ߅ࠃ߮ Ca ṁ
⣕⁁ᴫߦߟ޿ߡ᣿ࠄ߆ߦߒߚޕᓧࠄࠇߚ⚿ᨐࠍએਅߦ␜
ߔޕ 
(1) ᳓〝஥ოߦ߅ߌࠆ▚ⴚᐔဋ☻ߐߪ㧘᳇ਛㇱࠃࠅ᳓ਛ
ㇱߦ߅޿ߡ㧘⴫㕙߇☻ߊߥߞߡ߅ࠅ㧘หߓ᳇ਛㇱ߅
ࠃ߮᳓ਛㇱߦ߅޿ߡ߽᳓〝ᐩ ߦㄭߊߥࠆ߶ߤ⴫
㕙߇☻ߊߥࠆ௑ะߦ޽ࠆޕߎߩℂ↱ߣߒߡߪ㧘ᐩ 
ߦㄭߠߊ߶ߤ᳓ߦធ⸅ߒߡ៺⠻૞↪ࠍฃߌࠆᤨ㑆
߇Ⴧടߔࠆߎߣ߇⠨߃ࠄࠇࠆޕ 
(2) D ࿾඙ߦ߅ߌࠆᏀฝጯߩ▚ⴚᐔဋ☻ߐߦߪ⋧㆑߇
޽ࠅ㧘ฝጯߩᣇ߇ࠃࠅ⴫㕙߇☻޿⁁ᴫߢ޽ࠅ㧘ߎߩ
ࠃ߁ߥᏅ⇣߇↢ߓߚℂ↱ߣߒߡߪ㧘᧚ᢱ㧘ᣉᎿߦ߅
޿ߡ૗ࠄ߆ߩᏅ߇↢ߓ㧘ߘߩߚ߼ߦฝጯ஥ߦ߅޿ߡ
⠴៺⠻ᕈߦഠࠆࠦࡦࠢ࡝࡯࠻ߣߥߞߚߎߣ㧘߹ߚ㧘
ฝጯ஥߇ධ㕙ߒߡ޿ࠆߚ߼ߦⅣႺ᧦ઙߩ⋧㆑߇⠴
៺⠻ᕈߦᓇ㗀ࠍ෸߷ߒߚߎߣ߽⠨߃ࠄࠇࠆޕ 
(3) 5 ࿾඙ߦߟ޿ߡ ߆ࠄផቯߒߚ☻ᐲଥᢙߩᦨዊ୯ߪ
A࿾඙ߩ 0.0113㧘ᦨᄢ୯ߪ B࿾඙ߩ 0.0192ߣߥߞ
ߚޕ 
(4) B ࿾඙ࠍ㒰ߊ࿾඙ߦ߅޿ߡߪ㧘ផቯ☻ᐲଥᢙ߇
0.0113㨪0.0156ߣߥߞߡ߅ࠅ㧘࿯࿾ᡷ⦟੐ᬺ⸘↹⸳
⸘ၮḰ࡮⸳⸘ޟ᳓〝Ꮏޠߦ⃻႐ᛂߜࠦࡦࠢ࡝࡯࠻ߩ
☻ᐲଥᢙߣߒߡ⸥タߐࠇߡ޿ࠆᦨዊ୯ 0.012߅ࠃ 
߮ᦨᄢ୯ 0.016ߦ᭎ߨวߞߡ޿ࠆޕ 
(5) ▚ⴚᐔဋ☻ߐRaߣᦨᄢ㜞ߐRzߣߩ㑐ଥߪ✢ᒻߩ㑐
ଥࠍ᦭ߒߡ޿ࠆޕ 
(6) B ࿾඙ࠍ㒰ߊ࿾඙ߦ߅޿ߡߪᦨᄢ㜞ߐ߇߶߷ 10 
mm⒟ᐲߣߥߞߡ޿ࠆޕ 
(7) ଏ↪ 40ᐕ⒟ᐲߩᄙߊߩ᳓〝ߢߪ㧘ᦨᄢ㜞ߐ 16 mm
⒟ᐲ߇┫Ꮏᤨ߆ࠄߩ៺⠻ߒߚᷓߐߢ޽ࠆޕ 
(8) ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅޿ߡߪ㧘ߘߩ៺⠻⁁ᴫ
߆ࠄ㧘᳓ᵹ߅ࠃ߮᳓ᵹਛߩ⍾ߥߤߦࠃࠆࠛࡠ࡯࡚ࠫ
ࡦ៺⠻߇ㅴⴕߒߡ߅ࠅ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱ߇⣕㔌
ߒ㧘⛯޿ߡ㧘⚦㛽᧚㧘☻㛽᧚ߩ㗅ߢ⣕㔌ㆊ⒟߇ㅴࠎ
ߢ޿ࠆߣ⠨߃ࠄࠇࠆޕ 
(9) EPMA ಽᨆߒߚోߡߩࠦࠕߦ߅޿ߡ⴫ጀઃㄭߪ Ca
Ớᐲ߇ૐਅߒߡ߅ࠅ㧘⴫㕙߆ࠄṁ⣕ࡈࡠࡦ࠻߹ߢߩ
ᷓߐߪ 13㨪36 mm⒟ᐲ㧘ߘߒߡ㧘ṁ⣕ࡈࡠࡦ࠻ઃ
ㄭߩ Ca Ớᐲߪ 18㨪30%⒟ᐲߢ޽ࠆߎߣ߇್᣿ߒ
ߚޕ 
(10) ࠦࠕ⴫㕙ࠍ៺⠻ࡈࡠࡦ࠻ߣߔࠇ߫㧘ṁ⣕ࡈࡠࡦ࠻
ߩᣇ߇ᷓߊㅴⴕߒߡ޿ࠆ⁁ᴫߦ޽ࠆߎߣ߇␜ߐࠇ
 
Fig. 31 ೋᦼ CaỚᐲߣṁ⣕ࡈࡠࡦ࠻〒㔌ߣߩ㑐ଥ 
Distance from the specimen surface to the Ca leaching front versus 
the initial Ca concentration 
0
5
10
15
20
25
30
35
40
0 10 20 30
ṁ
⣕
ࡈ
ࡠ
ࡦ
࠻
〒
㔌
(m
m
)
ೋᦼCaỚᐲ (mass%)
D࿾඙஥ო᳇ਛㇱ
D࿾඙஥ო᳓ਛㇱ
D࿾඙ᐩ 
E࿾඙஥ო᳇ਛㇱ
E࿾඙஥ო᳓ਛㇱ
E࿾඙ᐩ 
15渡嘉敷勝：農業用コンクリート水路における摩耗機構および促進摩耗試験に関する研究
 ߚޕ 
(11) ṁ⣕ࡈࡠࡦ࠻ઃㄭߩ Ca Ớᐲࠍࠦࡦࠢ࡝࡯࠻ᛂ⸳
ೋᦼߩ CaỚᐲߣᗐቯߒߚ႐ว㧘 CaỚᐲߩ㜞޿ᣇ
߇ṁ⣕ࡈࡠࡦ࠻〒㔌ߪዊߐߊߥߞߡ޿ࠆߎߣ߇␜
ߐࠇ㧘Ca Ớᐲߩ㜞޿ࠦࡦࠢ࡝࡯࠻ߢߪṁ⣕ㅴⴕ߇
ㆃߊ㧘Ca Ớᐲߩૐ޿ࠦࡦࠢ࡝࡯࠻ߢߪṁ⣕ㅴⴕ߇
ㅦ޿ߎߣࠍ␜ߒߡ޿ࠆߣ⠨߃ࠄࠇߚޕ 
 
Ⅲ 水噴流摩耗試験 
 
１ 緒論 
ㄘᬺ᳓೑ᣉ⸳ߦ߅޿ߡߪ㧘ᵹ᳓ߦߐࠄߐࠇࠆㇱ૏ߢ៺⠻
ഠൻ߇ㅴⴕߔࠆޕㄘᬺ᳓೑ᣉ⸳ߩ៺⠻ㅴⴕߪ㧘᭴ㅧ‛ߩᢿ
㕙ࠍᷫዋߐߖ㧘቟ోᕈ⢻߅ࠃ߮⠴ਭᕈ⢻ࠍૐਅߐߖࠆߣߣ
߽ߦ㧘᭴ㅧ‛ߩㅢ᳓⴫㕙ߩᐔṖᕈࠍ⪺ߒߊ៊ߨ㧘☻ᐲଥᢙ
ࠍᄢ߈ߊߒ㧘᳓ℂᕈ⢻ࠍૐਅߐߖࠆේ࿃ߣߥࠆޕㄘᬺ᳓೑
ᣉ⸳ߩᯏ⢻ࠍ଻ోߔࠆߚ߼ߦߪ㧘᭴ㅧ‛ߩฦㇱ૏ߢ↢ߓߡ
޿ࠆ៺⠻ᯏ᭴ࠍ⸃᣿ߔࠆߣߣ߽ߦ㧘⵬ୃ᧚ᢱߥߤߩ⠴៺⠻
ᕈ⢻ࠍᾖᩏߔࠆߚ߼ߩଦㅴ៺⠻⹜㛎ࠍ⏕┙ߔࠆᔅⷐ߇޽
ࠆޕ 
╙Τ┨ߢㅀߴߚࠃ߁ߦㄘᬺ᳓೑ᣉ⸳ߦ߅ߌࠆ៺⠻⃻⽎
ߪᄢ߈ߊ 2⒳㘃ߦಽ㘃ߐࠇࠆޕ৻ߟߪ㧘㗡㚂Ꮏࠛࡊࡠࡦㇱ
ߦ⷗ࠄࠇࠆࠦࡦࠢ࡝࡯࠻ߩ㛽᧚߅ࠃ߮㛽᧚๟ㄝߩ࠮ࡔࡦ
࠻ࡍ࡯ࠬ࠻߇߶߷৻᭽ߦ៺⠻ㅴⴕߔࠆ⃻⽎ߢ޽ࠆޕ߽߁৻
ᣇߪ㧘↪᳓〝஥ოㇱ߅ࠃ߮ᐩ ㇱߢ⷗ࠄࠇࠆࠦࡦࠢ࡝࡯࠻
ߩ㛽᧚߇߶ߣࠎߤ៺⠻ߖߕ㧘㛽᧚๟ㄝߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻
߇៺⠻ߒ㧘៺⠻⴫㕙߇ಳಲߩ⁁ᴫࠍᒻᚑߔࠆ⃻⽎ߢ޽ࠆޕ
ߎߩਔ⠪ߩ៺⠻⃻⽎ߩ⋧㆑ߪ㧘៺⠻ᯏ᭴ߩ⋧㆑߅ࠃ߮᧚ᢱ
ߩ⋧㆑ߦ⿠࿃ߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ 
៺⠻ᯏ᭴ߪ㧘࿕૕ߣ࿕૕ߣߩ⋧ኻㆇേ㧔ߔߴࠅ㧘ォ߇ࠅ㧘
ⴣ᠄㧘ᝄേ㧕ߣ㧘࿕૕ߣᶧ૕ߣߩ⋧ኻㆇേ㧔ࠛࡠ࡯࡚ࠫࡦ㧘
ࠠࡖࡆ࠹࡯࡚ࠪࡦ㧕ߦಽ㘃ߐࠇࠆ㧔ၳญ㧘1993㧕ޕߒ߆ߒ㧘
៺⠻⃻⽎ߩᄙߊߪ㧘න৻ߩ៺⠻ᯏ᭴ߦࠃࠆ߽ߩߢߪߥߊ㧘
ⶄᢙߩ៺⠻ᯏ᭴߇ⶄว⊛ߦ૞↪ߒߡ߅ࠅⶄ㔀ߢ޽ࠆޕ㗡㚂
Ꮏࠛࡊࡠࡦㇱߦ߅޿ߡߪ㧘ᵹ᳓ਛߦ฽߹ࠇࠆ␕ߦࠃࠆォ߇
ࠅ࡮ⴣ᠄៺⠻߇ਥⷐ࿃ߣ⠨߃ࠄࠇ㧘৻ᣇ㧘↪᳓〝ߦ߅޿ߡ
ߪ㧘ᵹ᳓߅ࠃ߮ᵹ᳓ਛߩ⍾ಽߦࠃࠆࠛࡠ࡯࡚ࠫࡦ៺⠻߇ਥ
ⷐ࿃ߣ⠨߃ࠄࠇࠆޕ߹ߚ㧘ࠦࡦࠢ࡝࡯࠻᧚ᢱߩ⋧㆑ߢߪ㧘
㗡㚂Ꮏࠛࡊࡠࡦㇱߦ߅޿ߡߪ㧘᳓࠮ࡔࡦ࠻Ყߩૐ޿㜞ᒝᐲ
ࠦࡦࠢ࡝࡯࠻߇↪޿ࠄࠇߡ޿ࠆߚ߼㧘㛽᧚๟ㄝߩࡕ࡞࠲࡞
ಽߩ⠴៺⠻ᕈ⢻߇㜞޿ߩߦኻߒ㧘᳓〝ߦ߅޿ߡߪ㗡㚂Ꮏࠛ
ࡊࡠࡦㇱߦᲧߴߡ᳓࠮ࡔࡦ࠻Ყ߇㜞޿ࠦࡦࠢ࡝࡯࠻߇↪
޿ࠄࠇߡ޿ࠆߚ߼ߦ㛽᧚๟ㄝߩࡕ࡞࠲࡞ಽߩ⠴៺⠻ᕈ⢻
߇ૐߊߥߞߡ޿ࠆޕߎࠇࠄߩේ࿃߇៺⠻⴫㕙ߩᒻ⁁ߦᏅ⇣
ࠍ߽ߚࠄߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ 
ߥ߅㧘ㄘᬺ᳓೑ᣉ⸳ߦ߅ߌࠆਔ៺⠻ᯏ᭴ߩ૞↪ജߩᲧセ
ߢߪ㧘☻㛽᧚ߩ៺⠻ࠍㅴⴕߐߖࠆ␕ߦࠃࠆォ߇ࠅ࡮ⴣ᠄៺
⠻߇㧘☻㛽᧚ߩ៺⠻ࠍㅴⴕߐߖߥ޿ᵹ᳓߅ࠃ߮⍾ߦࠃࠆࠛ
ࡠ࡯࡚ࠫࡦ៺⠻ࠃࠅ߽ᄢ߈޿ޕᧄ⺰ᢥߢߪ㧘೨⠪ࠍᒝ޿៺
⠻૞↪㧘ᓟ⠪ࠍᒙ޿៺⠻૞↪ߣଢቱ਄ಽ㘃ߔࠆޕ 
ߎߩࠃ߁ߦ៺⠻ᯏ᭴߇⇣ߥࠆ႐วߩ᧚ᢱߩ⠴៺⠻ᕈ⢻
ߩ⹏ଔߢߪ㧘ᗐቯߔࠆ៺⠻ᯏ᭴ߦᔕߓߚ៺⠻⹜㛎ࠍㆬቯߔ
ࠆᔅⷐ߇޽ࠆޕ៺⠻⃻⽎ߩᄙߊߪⶄᢙߩ៺⠻ᯏ᭴߇૞↪ߒ
ߡⶄ㔀ߢ޽ࠆߚ߼㧘⒳ޘߩ⹜㛎ᣇᴺ߇ឭ᩺ߐࠇߡ޿ࠆ৻
ᣇ㧘ⷙᩰൻߐࠇߚ⹜㛎ᣇᴺ߇ዋߥ޿⁁ᴫߦ޽ࠆ㧔⍹↰㧘
2007㧕ޕ⃻࿷㧘࠮ࡔࡦ࠻♽᧚ᢱߩ៺⠻⹜㛎ߦ↪޿ࠄࠇߡ޿
ࠆ JISⷙᩰߣߒߡߪ㧘JIS A 1453ޟᑪ▽᧚ᢱ෸߮ᑪ▽᭴ᚑㇱ
ಽߩ៺⠻⹜㛎ᣇᴺ㧔⎇៺⚕ᴺ㧕ޠ㧘JIS K 7204ޟࡊ࡜ࠬ࠴࠶
ࠢ̆៺⠻ベߦࠃࠆ៺⠻⹜㛎ᣇᴺޠߥߤ߇޽ࠆޕ߹ߚ㧘☨࿖
ASTMⷙᩰߣߒߡߪ㧘ASTM C 418ޟࠨࡦ࠼ࡉ࡜ࠬ࠻ࠍ↪
޿ߚࠦࡦࠢ࡝࡯࠻ߩ⠴៺⠻ᕈᮡḰ⹜㛎ᣇᴺޠ㧘ASTM C 
1138ޟࠦࡦࠢ࡝࡯࠻ߩ⠴៺⠻ᕈᮡḰ⹜㛎ᣇᴺ㧔᳓ਛᴺ㧕ޠ
ߥߤ߇޽ࠆޕⷙᩰએᄖߢߪ㧘ޟࡠ࠶࠼ᑼߔࠅ߳ࠅ⹜㛎ᯏޠ㧔ᅏ
↰㧘1984㧕㧘ޟ᝹ᵹᑼ៺⠻⹜㛎ᯏޠ㧔᧖↰ࠄ㧘1986㧕㧘ޟⴣ᠄
៺⠻⹜㛎ᯏޠ㧔⼾⑔࡮⼾⑔㧘1999㧕ߥߤࠍ↪޿ߚ⹜㛎ᣇᴺ
߇ឭ᩺ߐࠇߡ޿ࠆޕ 
㗡㚂Ꮏࠛࡊࡠࡦㇱߦ߅ߌࠆォ߇ࠅ࡮ⴣ᠄៺⠻ࠍᮨᡆߔࠆ
⹜㛎ߣߒߡߪ㧘ࡠ࠶࠼ᑼߔࠅ߳ࠅ⹜㛎㧘ⴣ᠄៺⠻⹜㛎㧘JIS 
K 7204⹜㛎߇ㆡಾߢ޽ࠆߣ⠨߃ࠄࠇࠆޕ৻ᣇ㧘↪᳓〝ߦ߅
ߌࠆࠛࡠ࡯࡚ࠫࡦ៺⠻ࠍᮨᡆߔࠆ⹜㛎ߣߒߡߪ㧘ASTM C 
418㧘ASTM C 1138㧘᝹ᵹᑼ៺⠻⹜㛎߇⠨߃ࠄࠇࠆޕ⪺⠪
ࠄߪ㧘ࠛ ࡠ࡯࡚ࠫࡦ៺⠻ࠍኻ⽎ߣߒߚ⹜㛎ᯏߣߒߡ㧘ASTM 
C 418ࠃࠅ߽⹜㛎ᯏߩ᭴ㅧ߇න⚐ߢ⚻ᷣᕈߦఝࠇ㧘ASTM C 
1138 ߅ࠃ߮᝹ᵹᑼ៺⠻⹜㛎ࠃࠅ߽⹜㛎૕ᒻ⁁ߩ⥄↱ᐲ߇
㜞޿㧔ណขࠦࠕߦࠃࠆ⹜㛎߽น⢻ߥ㧕⹜㛎ᯏߢ޽ࠆ᳓ྃᵹ
៺⠻⹜㛎ᯏࠍ㐿⊒ߒߚ㧔⍹␹ࠄ㧘2005㧕ޕᧄ⹜㛎ᯏߪ㧘⹜
㛎૕ߦ㜞࿶ߩ᳓ྃᵹࠍⴣ⓭ߐߖࠆߎߣߦࠃࠅ㧘ᵹ᳓ߦࠃࠆ
ࠛࡠ࡯࡚ࠫࡦ៺⠻ࠍଦㅴߒߡᮨᡆߔࠆ⹜㛎ᯏߢ޽ࠆޕㄭᐕ
ߢߪ㧘ࠦࡦࠢ࡝࡯࠻ߩࠛࡠ࡯࡚ࠫࡦ៺⠻ߩଦㅴ⹜㛎ߣߒ
ߡ㧘᳓ྃᵹࠍ↪޿ߚ⹜㛎߽⎇ⓥߐࠇߡ߈ߡ޿ࠆ㧔Momber 
and Kovacevic㧘1994㧧Hu et al.㧘2002㧧Liu et al.㧘2006㧕ޕ 
ᧄ┨ߢߪ㧘ㄘᬺ᳓೑ᣉ⸳ߢ↢ߓࠆࠛࡠ࡯࡚ࠫࡦ៺⠻ࠍᮨ
ᡆߔࠆߎߣࠍ⋡⊛ߣߒߡ㐿⊒ߒߚ᳓ྃᵹ៺⠻⹜㛎ᯏࠍ࠮
ࡔࡦ࠻♽᧚ᢱߦㆡ↪ߒ㧘࠮ࡔࡦ࠻♽᧚ᢱߩࠛࡠ࡯࡚ࠫࡦ៺
⠻․ᕈߦߟ޿ߡᛠីߔࠆߣߣ߽ߦ᳓ྃᵹ៺⠻⹜㛎ߩ᦭↪
ᕈߦߟ޿ߡㅀߴࠆޕ 
 
２ 水噴流摩耗試験の試験方法 
a 水噴流摩耗試験機 
᳓ྃᵹ៺⠻⹜㛎ᯏߩ᭎ⷐࠍ Fig. 32ߦ␜ߔޕᧄ⹜㛎ᯏߪ㧘
⹜㛎૕ࠍขࠅઃߌࠆᧄ૕ߣ᳓ྃᵹࠍ⊒↢ߐߖࠆฯ಴ⵝ⟎
ߦࠃࠅ᭴ᚑߐࠇࠆޕᧄ૕ߪ㧘⹜㛎૕㧔ᮡḰ⹜㛎૕ 296142
60 mm㧘߹ߚߪ㧘ዊဳ⹜㛎૕ 707020 mmࠍኾ↪ᴦౕ
ߦߡ㧕6 ୘ࠍ⸳⟎น⢻ߥ࿁ォ࠼࡜ࡓߣ࠼࡜ࡓࠍ࿁ォߐߖࠆ
㚟േࡕ࡯࠲࡯ߢ᭴ᚑߐࠇࠆޕ㚟േࡕ࡯࠲࡯ߩ࿁ォࠍ೙ᓮߔ
ࠆߎߣߦࠃࠅ㧘࠼࡜ࡓࠍ৻ቯㅦᐲߢ࿁ォߐߖࠆߎߣ߇น⢻
ߢ޽ࠆޕฯ಴ⵝ⟎ߪ㧘ࡊ࡜ࡦࠫࡖࡐࡦࡊ㧘⠴࿶ࡎ࡯ࠬ㧘ࡁ
࠭࡞ࠃࠅ᭴ᚑߐࠇࠆޕฯ಴ⵝ⟎ߩ૶↪ᶧ૕ߪ᳓㆏᳓ߢ㧘ࡊ
࡜ࡦࠫࡖࡐࡦࡊߦࠃࠅട࿶ߐࠇߚᓟ㧘⠴࿶ࡎ࡯ࠬࠍ⚻ߡᧄ
૕ߩ࿁ォ࠼࡜ࡓਛᔃㇱߦ⸳⟎ߐࠇߚࡁ࠭࡞ࠃࠅ⹜㛎૕ߦ
ྃ኿ߐࠇࠆޕ 
᳓ྃᵹߪ㧘Fig. 33ߦ␜ߔࠃ߁ߦᚸᒻߦᐢ߇ࠅ㧘⹜㛎૕⴫
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 㕙ߦⴣ⓭ߔࠆޕฯ಴࿶ജߪ㧘ࡊ࡜ࡦࠫࡖࡐࡦࡊߣࡁ࠭࡞ߣ
ߩ㑆ߦขࠅઃߌࠄࠇߚ࿶ജ⸘ߦࠃࠅ᷹ቯߔࠆޕ߹ߚ㧘ฯ಴
ᵹ㊂ߪ㧘ࡊ࡜ࡦࠫࡖࡐࡦࡊߩ⾂᳓ᮏߦ᳓㆏᳓ࠍଏ⛎ߔࠆࡎ
࡯ࠬߦขࠅઃߌߚᵹ㊂⸘ߦࠃࠅ᷹ቯߔࠆޕ 
ฯ಴ㅦᐲߪ㧘ฯ಴ᵹ㊂ࠍࡁ࠭࡞ሹ㕙Ⓧߢ㒰ߒߡ᳞߼ࠆޕ
ࡁ࠭࡞ሹᒻ⁁ߪᬦ౞ᒻߦㄭ޿ߚ߼㧘ሹ㕙Ⓧߪ↹௝⸘᷹ߦࠃ
ࠅ▚಴ߔࠆޕ߹ߚ㧘᳞߼ߚሹ㕙Ⓧߣหߓ㕙Ⓧߩ౞ߩ⋥ᓘࠍ
╬ଔ⋥ᓘߣߒ㧘ࠬ࠲ࡦ࠼ࠝࡈ〒㔌㧔଀߃߫ዊᨋࠄ㧘1987㧕
ߪ㧘ࡁ࠭࡞㧙⹜㛎૕㑆〒㔌ࠍࡁ࠭࡞ሹ╬ଔ⋥ᓘߢ㒰ߒߚ୯
ߣߔࠆޕ 
 
b 摩耗量計測 
⹜㛎૕ߩ៺⠻㊂ߣߒߡ㧘៺⠻㊀㊂㧔᳇ਛ㊀㊂㧘᳓ਛ㊀㊂㧕
߅ࠃ߮៺⠻ᷓߐࠍ⸘᷹ߔࠆޕ⸘᷹ߪ㧘៺⠻⹜㛎೨߅ࠃ߮៺
⠻⹜㛎ᤨ㑆⚻ㆊᓟߦታᣉߔࠆޕฦ៺⠻⹜㛎ᤨ㑆⚻ㆊᓟߦ⹜
㛎૕ࠍ⹜㛎ᯏ߆ࠄᄖߒ㧘᳓ਛ㊀㊂߅ࠃ߮᳇ਛ㊀㊂ࠍ᷹ቯߒ
ߚᓟ㧘࡟࡯ࠩ࡯ᄌ૏⸘㧔KEYENCE LK-500㧘ಽ⸃⢻ 10 Ǵ
m㧕ߦࠃࠅ៺⠻ᷓߐࠍ⸘᷹ߔࠆޕFig. 34ߦ␜ߔࠃ߁ߦ⹜㛎
૕ߩ㐳ㄝᣇะߦ࡟࡯ࠩ࡯ᄌ૏⸘ࠍ⒖േߐߖߥ߇ࠄ 1 mm㑆
㓒ߢ៺⠻ᷓߐߩ࠺࡯࠲ࠍ෼㓸ߔࠆޕߎࠇࠍ⍴ㄝᣇะߦ 5 
mm㑆㓒ߢ⸘ 11ᧄߩ⿛ᩏ✢ߦߟ޿ߡ⸘᷹ߒ㧘⹜㛎૕ਛᔃㇱ
ߩ 50 mm྾ᣇߦ฽߹ࠇࠆᷓߐ࠺࡯࠲㧔5111=561ὐ㧕ߩ
ᐔဋ୯ࠍ៺⠻ᷓߐߣߔࠆޕߥ߅㧘⸘᷹ኻ⽎એᄖߩ⹜㛎૕ߪ㧘
Ᏹߦ᳓ᮏਛߦ㕒⟎ߒ㧘ੇ ῎ߒߥ޿ࠃ߁ߦ㈩ᘦߔࠆޕߎࠇߪ㧘
⹜㛎૕ౝㇱߩੇ῎߇㊀㊂᷹ቯ⚿ᨐߦ෸߷ߔᓇ㗀ࠍឃ㒰ߔ
ࠆߚ߼ߢ޽ࠆޕ 
 
３ 水噴流摩耗試験における吐出圧力および回転速度
の影響 
᳓ྃᵹ៺⠻⹜㛎ߪ㧘㜞ㅦߩ᳓ྃᵹࠍ⹜㛎૕ߦⴣ⓭ߐߖࠆ
⹜㛎ߢ޽ࠆߚ߼㧘᳓ྃᵹߣ⹜㛎૕ߣߩⴣ⓭⁁ᴫߩᄌൻߦࠃ
ࠅ㧘⹜㛎૕ߩ៺⠻ᕈ⁁߽⋧㆑ߔࠆޕߎߩⴣ⓭⁁ᴫߩᄌൻߪ㧘
ਥߦฯ಴ⵝ⟎㧘ฯ಴࿶ജ߅ࠃ߮࿁ォㅦᐲߩ⋧㆑߇૞↪ߔࠆ
ߣផ᷹ߐࠇߚޕߘߩߚ߼㧘ᧄ㗄ߢߪ᳓ྃᵹ៺⠻⹜㛎ߩㆡಾ
ߥ⹜㛎᧦ઙࠍ⸳ቯߔࠆߚ߼ߩၮ␆⊛ߥᕈ⢻⏕⹺ࠍ⋡⊛ߣ
ߒߡ㧘ฯ಴࿶ജ߅ࠃ߮⹜㛎૕ߩ࿁ォㅦᐲߩᄌൻ߇࠮ࡔࡦ࠻
ࡍ࡯ࠬ࠻⹜㛎૕ߩ៺⠻ᕈ⁁ߦ෸߷ߔᓇ㗀ߦߟ޿ߡᬌ⸛ߒ
ߚ⚿ᨐߦߟ޿ߡㅀߴࠆޕ 
 
a 試験方法 
(1) ⹜㛎᧦ઙ 
ᦨᄢฯ಴࿶ജߩ⇣ߥࠆ 2⒳㘃ߩฯ಴ⵝ⟎ࠍ↪޿ߚޕฯ಴
ⵝ⟎ߩ઀᭽ࠍ Table 4ߦ␜ߔޕฯ಴ㅦᐲߪ㧘ฯ಴ᵹ㊂ࠍࡁ
࠭࡞ሹ㕙Ⓧߢ㒰ߒߡ᳞߼ߚޕࡁ࠭࡞ሹᒻ⁁ߪᬦ౞ᒻߦㄭ޿
ߚ߼㧘ሹ㕙Ⓧߪ↹௝⸘᷹ߦࠃࠅ▚಴ߒߚޕ߹ߚ㧘᳞߼ߚሹ
㕙Ⓧߣหߓ㕙Ⓧߩ౞ߩ⋥ᓘࠍ╬ଔ⋥ᓘߣߒߡ␜ߒߚޕ૶↪
ߒߚ 2⒳ߩࡁ࠭࡞ߪᄖᒻኸᴺ߇⇣ߥࠆߚ߼㧘ࡁ࠭࡞߆ࠄ⹜
㛎૕⴫㕙߹ߢߩ〒㔌ߦߪ 10 mmߩᏅ߇↢ߓߚޕ 
 
Table 4 ฯ಴ⵝ⟎ߩ઀᭽ 
Specifications of two types of water jet tester 
ฯ಴
ⵝ⟎
ᦨᄢ
ฯ಴
࿶ജ 
(MPa)
ታ㛎
ฯ಴
࿶ജ 
(MPa)
ታ㛎
ฯ಴
ᵹ㊂ 
(L/min)
ታ㛎
ฯ಴
ㅦᐲ 
(m/s)
㩓㩇㩨㩣
ሹ㕙Ⓧ 
(m2)
㩓㩇㩨㩣
ྃⷺ
(°)
㩓㩇㩨㩣ሹ
╬ଔ⋥ᓘ
d 
(mm)
㩓㩇㩨㩣㧙
⹜㛎૕㑆〒㔌
x 
(mm)
㩇㩊㩧㩎㩨㨿㩖
〒㔌 
x/d 
(mm/mm)
A 4.9 3.0 - 4.5 19.1 - 23.4 82.7 - 102 3.8×10-6 40 2.2 70 32 
B 20 4.5 - 20.0 11.9 - 25.2 79.4 - 168 2.5×10-6 40 1.8 80 44 
 
Fig. 32 ᳓ྃᵹ៺⠻⹜㛎ᯏߩ᭎ⷐ 
Overview of the water jet erosion tester 
Fig. 33 ᳓ྃᵹߩ⁁ᴫ 
Testing state of water jet 
 
Fig. 34 ⹜㛎૕ߩ៺⠻ᷓߐ⸘᷹ 
Measurement domain of the erosion depth of specimen 
 
1
3
4
6
7
5 1 ࡊ࡜ࡦࠫࡖࡐࡦࡊ
2 ⠴࿶ࡎ࡯ࠬ
3 ࿶ജ⸘
4 ࡁ࠭࡞
5 ⹜㛎૕
6 ࿁ォ࠼࡜ࡓ
஥㕙࿑
ᱜ㕙࿑
5
7 ࠼࡜ࡓ㚟േࡕ࡯࠲࡯
2
 
ࡁ࠭࡞
᳓ྃᵹ
⹜㛎૕
50
m
m࡟࡯ࠩ࡯ᄌ૏⸘ߦࠃࠆ⸘᷹඙㑆
㧔⍴ㄝᣇะ5mm㑆
㓒㧘11⿛ᩏ✢㧕
៺⠻㗔ၞ
៺⠻ᷓߐ
⸘▚㗔ၞ
50mm
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  (2) ⹜㛎૕ 
⹜㛎૕ߪ㧘ᣧᒝࡐ࡞࠻࡜ࡦ࠼࠮ࡔࡦ࠻ࠍ૶↪ߒߚ࠮ࡔࡦ
࠻ࡍ࡯ࠬ࠻⎬ൻ૕ߣߒ㧘᳓࠮ࡔࡦ࠻Ყߪ㧘JIS R 5201ߩᦛ
ߍ⹜㛎࡮࿶❗⹜㛎↪ߩࡕ࡞࠲࡞⹜㛎૕ߩ᳓࠮ࡔࡦ࠻Ყߢ޽
ࠆ W/C=50%㧘ߘߒߡ㧘ࠃࠅ࿶❗ᒝᐲߩ㜞޿⹜㛎૕ߩ៺⠻
௑ะࠍᛠីߔࠆߚ߼ߦ W/C=40%ߩ 2 ⒳ߩ㈩วߣߒߚޕ⹜
㛎૕ߪ㧘ౝኸᴺ 29614260 mmߩဳᨒߦᛂ⸳ߒ㧘᧚㦂 1
ᣣߢ⣕ဳߒߚᓟߦ 20 ͠ߢ᳓ਛ㙃↢ߒ㧘᧚㦂 14ᣣߢ⹜㛎㐿
ᆎߣߒߚޕ㈩วߣฦ᧚㦂ߦ߅ߌࠆ࿶❗ᒝᐲࠍ Table 5ߦ␜
ߔޕ 
 (3) ⹜㛎ࠤ࡯ࠬ 
⹜㛎ߪ Table 6ߦ␜ߔ 9ࠤ࡯ࠬࠍታᣉߒߚޕฯ಴ⵝ⟎ A
ࠍ↪޿ߡ 3.0㨪4.5 MPa㧘߹ߚ㧘ฯ಴ⵝ⟎ Bࠍ↪޿ߡ 4.5㨪
20.0 MPa ߩฯ಴࿶ജߩ▸࿐ࠍ⹜㛎ߒߚޕฯ಴ⵝ⟎ A ߩ⹜
㛎ߦ߅޿ߡߪ W/C=50%߅ࠃ߮ 40%ߩ⹜㛎૕ࠍฦ 2୘㧘ฯ
಴ⵝ⟎ Bߩ⹜㛎ߦ߅޿ߡߪฦ 3୘ࠍ૶↪ߒߚޕ߹ߚ㧘ᮡḰ
ߩ࿁ォㅦᐲߪ 30 rpmߣߒ㧘A04560߅ࠃ߮ B20060ߩࠤ࡯
ࠬߦߟ޿ߡߪ 60 rpmߣߒߚޕߥ߅㧘B20060ߦߟ޿ߡߪ㧘
⹜㛎ᯏߩㇺวߦࠃࠅ㧘⹜㛎ᤨ㑆 1㨪5ᤨ㑆߹ߢࠍ᧚㦂 14ᣣ
ߢታᣉߒ㧘6㨪10ᤨ㑆߹ߢࠍ᧚㦂 24ᣣߢታᣉߒߚޕ 
 
b 結果と考察 
(1) ฯ಴࿶ജߣฯ಴ᵹ㊂߅ࠃ߮ฯ಴ㅦᐲߣߩ㑐ଥ 
ฯ಴࿶ജߣฯ಴ᵹ㊂ߣߩ㑐ଥࠍ Fig. 35 ߦ␜ߔޕฯ಴ⵝ
⟎ A㧘Bߣ߽ߦฯ಴࿶ജߩჇടߦࠃࠅ㧘ฯ಴ᵹ㊂߽Ⴧടߒ
ߡ޿ࠆޕฯ಴࿶ജ 4.5 MPaߢߪ㧘ฯ಴ⵝ⟎ Aߪฯ಴ⵝ⟎ B
ߩ⚂ 1.9୚ߩฯ಴ᵹ㊂ߣߥߞߡ޿ࠆޕ 
ฯ಴࿶ജߣฯ಴ㅦᐲߣߩ㑐ଥࠍ Fig. 36ߦ␜ߔޕ࿑ߦߪ㧘
ฯ಴࿶ജ ߇៊ᄬήߒߦߔߴߡㅦᐲࠛࡀ࡞ࠡ࡯ߦᄌ឵ߐࠇ
ߚ႐วߩฯ಴ㅦᐲ ࠍ Bernoulliߩቯℂࠃࠅ㧘 
   (5) 
ߎߎߦ㧘p㧦࿶ജ㧘ǹ㧦᳓ߩኒᐲ 
ߣߒߡ▚ቯߒߚᦛ✢߽␜ߒߚޕߒ߆ߒ㧘ታ㓙ߩฯ಴ㅦᐲ 
ߪ᷵㧘೸㔌㧘☼ᕈߥߤߩᓇ㗀ߢ㧘ᑼ(5)ߩ vࠃࠅዊߐߊߥࠅ㧘 
  (6)
 
Table 5 ⹜㛎૕ߩ㈩ว߅ࠃ߮࿶❗ᒝᐲ 
Water-cement ratio and compressive strength of specimen 
⸥ภ W/C (%) 
࿶❗ᒝᐲ(N/mm2) 
ǻ7 ǻ14 ǻ21 ǻ28 
WC50 50 37.0 43.9 45.9 47.1 
WC40 40 58.5 62.8 66.9 66.7 
 
Fig. 36 ฯ಴࿶ജߣฯ಴ㅦᐲߣߩ㑐ଥ 
Comparison of water jet flow velocity as a function of the 
discharge pressure with device A and B 
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− − Bernoulliߩቯℂࠃࠅ▚ቯ
 
Fig. 35 ฯ಴࿶ജߣฯ಴ᵹ㊂ߣߩ㑐ଥ 
Comparison of discharge flow rate as a function of the discharge 
pressure with the device A and B 
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Table 6 ⹜㛎ࠤ࡯ࠬ 
Test cases 
⸥ภ ฯ಴ⵝ⟎ ฯ಴࿶ജ(MPa)
࿁ォㅦᐲ 
(rpm)
✚⹜㛎ᤨ㑆 
(hour)
⸘᷹ᤨ㑆㑆㓒
(hour)
A03030 A 3.0 30 260 20 
A04030 A 4.0 30 140 20 
A04530 A 4.5 30 140 20*1 
A04560 A  4.5 60 140 20 
B04530 B  4.5 30 140 20 
B10030 B 10.0 30 10 1 
B15030 B 15.0 30 10 1 
B20030 B 20.0 30 10 1 
B20060 B 20.0 60 10*2 1 
ݒ = ඥ2 ݌ ߩΤ  
ݒ௟ = ܿ௩ඥ2 ݌ ߩΤ
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 ߎߎߦ㧘cv㧦ㅦᐲଥᢙߣߥࠆ㧔౎዆✬㧘1996㧕ޕ 
Fig. 36ߦߪ㧘ฯ಴ㅦᐲࠍᑼ(6)ߢ࿁Ꮻߒߚᦛ✢߽␜ߒߚޕ
ᦨዊੑਸ਼ᴺߦࠃࠅ᳞߼ߚㅦᐲଥᢙ cvߪ㧘ฯ಴ⵝ⟎ A ߦߟ
޿ߡߪ 1.06㧘ฯ಴ⵝ⟎ Bߦߟ޿ߡߪ 0.836ߣߥߞߚޕฯ಴
ⵝ⟎ A ߩฯ಴ㅦᐲߪ㧘cv߇ 1 ࠍ⿥߃ߡ޿ࠆߚ߼ߦ㧘ᑼ(5)
ߩ vࠍ਄࿁ߞߡ޿ࠆޕߎࠇߪ㧘ฯ಴࿶ജ㧘ฯ಴ᵹ㊂㧘ࡁ࠭
࡞ሹ㕙Ⓧߩ⸘᷹ߦ߅ߌࠆ♖ᐲ਄ߩ໧㗴߇ේ࿃ߣ⠨߃ࠄࠇ
ࠆޕ 
ฯ಴ⵝ⟎ Bߦߟ޿ߡߪ㧘vl < vߢ޽ࠆߎߣ߆ࠄᅷᒰߢ޽
ࠆߣ⠨߃ࠄࠇࠆ߇㧘ฯ಴ⵝ⟎ Aߣ߶߷ห᭽ߩᯏེ߅ࠃ߮ᚻ
ᴺࠍ↪޿ߡ޿ࠆߎߣ߆ࠄ㧘ห᭽ߦᬌ⸽߇ᔅⷐߣ⠨߃ࠄࠇ
ࠆޕ 
(2) ៺⠻ᢿ㕙ᒻ⁁ 
៺⠻⹜㛎⚳ੌᓟߩ៺⠻ᢿ㕙ᒻ⁁ߩ଀ࠍ Fig. 37 ߦ␜ߔޕ
࿑ਛߩฦᢿ㕙ߪ㧘Fig. 34ߩ៺⠻⸘▚㗔ၞߩਛᔃࠍㅢࠅ㧘㐳
ㄝᣇะߦᐔⴕߥᢿ㕙ࠍ␜ߒߡ޿ࠆޕฯ಴ⵝ⟎ A ࠍ↪޿ߚ
A04530ߦ߅޿ߡߪ㧘⹜㛎૕ߩᮮᢿ૏⟎ਛᔃ 0 mmઃㄭࠍኻ
⒓ߣߒߡ߶߷ဋ╬ߦ៺⠻߇ㅴⴕߒߡ޿ࠆߣ⠨߃ࠄࠇࠆޕ৻
ᣇ㧘ฯ಴ⵝ⟎ Bࠍ↪޿ߚ B04530߅ࠃ߮ B20030ߦ߅޿ߡ
ߪ㧘ᮮᢿ૏⟎ 15 mmઃㄭߢ៺⠻ߩㅴⴕ߇ㅦߊ㧘៺⠻ㅴⴕߦ
஍ࠅ߇޽ࠆߎߣ߇␜ߐࠇߡ޿ࠆޕߎࠇࠄએᄖߩ Bࠪ࡝࡯࠭
ߩ⹜㛎૕߽ห᭽ߩ៺⠻⁁ᴫߦ޽ߞߚޕߎࠇߪ㧘ฯ಴ⵝ⟎ B
ߦ߅޿ߡ᳓ྃᵹߩಽᏓߦ஍ࠅ߇޽ࠆߎߣ߇ේ࿃ߣ⠨߃ࠄ
ࠇߚޕߒ߆ߒ㧘వㅀߒߚ៺⠻ᷓߐߩ⸘▚ߢߪ㧘ᮮᢿ૏⟎㧙
25㨪+25 mm㑆ߩ៺⠻૏⟎࠺࡯࠲ࠍ↪޿ߡ߅ࠅ㧘ห▸࿐ߪ
៺⠻▸࿐㧔᭎ߨ㧙35㨪+33 mm㧕ߩ⚂ 74%ࠍභ߼ࠆߎߣ㧘
ߘߒߡ㧘ᦨᷓㇱࠍห▸࿐ౝߦ฽߻ߎߣ߆ࠄ㧘៺⠻ㅴⴕߩ஍
ࠅ߇៺⠻ᷓߐߩ⹏ଔ߳෸߷ߔᓇ㗀ߪዊߐ޿ߣ್ᢿߒ㧘એਅ
 
Fig. 37 ៺⠻ᢿ㕙ᒻ⁁ߩ଀ 
Examples of the eroded cross-sectional shape 
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Fig. 38 ฯ಴ⵝ⟎ Aߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ᷓߐ߅ࠃ߮៺⠻ㅦᐲߣߩ㑐ଥ 
Erosion depth and rate at each discharge pressure using the device A. From the upper: 3.0, 4.0, 4.5 MPa. 
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 ߩಽᨆࠍⴕߞߚޕ 
 (3) ฯ಴࿶ജߣ៺⠻ᷓߐ߅ࠃ߮៺⠻ㅦᐲߣߩ㑐ଥ 
ฯ಴ⵝ⟎ A ߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ᷓߐ߅ࠃ߮៺⠻ㅦ
ᐲߣߩ㑐ଥࠍ Fig. 38 ߦ␜ߔޕ៺⠻ᷓߐߩ࿑ࠃࠅ㧘Ԙ޿ߕ
ࠇߩฯ಴࿶ജߦ߅޿ߡ߽៺⠻ᷓߐߪᤨ㑆⚻ㆊߦ઻޿✢ᒻ
⊛ߦჇടߔࠆߎߣ㧘ԙฯ಴࿶ജ߇㜞ߊߥࠆ߶ߤ㧘៺⠻ߩㅴ
ⴕ߇ㅦߊߥࠆߎߣ㧘Ԛ3.0 MPaߦ߅޿ߡߪ៺⠻ߩㅴⴕߦ᳓
࠮ࡔࡦ࠻Ყߩ⋧㆑ߦࠃࠆᏅ߇⹺߼ࠄࠇߥ޿ߎߣ㧘ԛ4.0 
MPaએ਄ߦ߅޿ߡߪW/C=50%ߪ 40%ߦᲧセߒߡ៺⠻ߩㅴ
ⴕ߇ㅦ޿ߎߣ㧘߇␜ߐࠇߚޕߎࠇࠄߪ㧘៺⠻ㅴⴕ߇ฯ಴࿶
ജߩᓇ㗀ࠍฃߌࠆߎߣ㧘߹ߚ㧘⠴៺⠻ᕈߪ⹜㛎૕ߩ᳓࠮ࡔ
ࡦ࠻Ყߦଐሽߒߡ޿ࠆߎߣࠍ␜ໂߒߡ޿ࠆޕ 
៺⠻ㅦᐲߩ࿑ࠃࠅ㧘ೋᦼߩ 20 ᤨ㑆ߦ߅޿ߡㅦᐲߩ߫ࠄ
ߟ߈ߪ޽ࠆ߇㧘ߘࠇએᓟߪ߫ࠄߟ߈߇ዊߐߊ㧘߶߷৻ቯߩ
୯ߣߥࠆߎߣ߇␜ߐࠇߚޕߚߛߒ㧘W/C=50%ߩ 4.5 MPa
ߦ߅ߌࠆ៺⠻ㅦᐲߪ㧘100 ᤨ㑆એ㒠ߪᷫዋ௑ะߦ޽ࠆࠃ߁
ߦ⷗߃㧘ߎࠇߪ㧘៺⠻ㅴⴕߦ઻ߞߡࡁ࠭࡞߆ࠄ⹜㛎૕߹ߢ
ߩ〒㔌߇Ⴧടߒߚߎߣߦࠃࠆ⹜㛎૕⴫㕙߳ߩᶧṢߩⴣ᠄
࿶ߩૐਅ߇ේ࿃ߣ⠨߃ࠄࠇࠆޕ 
ฯ಴ⵝ⟎ B ߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ᷓߐ߅ࠃ߮៺⠻ㅦ
ᐲߣߩ㑐ଥࠍ Fig. 39ߦ␜ߔޕฯ಴ⵝ⟎ Bߦ߅޿ߡ߽ Aߣ
ห᭽ߩ௑ะߣߥࠅ㧘Ԙᤨ㑆⚻ㆊߦ઻޿៺⠻ᷓߐ߇✢ᒻ⊛ߦ
 
Fig. 39 ฯ಴ⵝ⟎ Bߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ᷓߐ߅ࠃ߮៺⠻ㅦᐲߣߩ㑐ଥ 
Erosion depth and rate at each discharge pressure using the device B. From the upper: 4.5, 10.0, 15.0, 20.0 MPa. 
0 20 40 60 80 100 120 140 160
0
2
4
6
8
10
៺
⠻
ᷓ
ߐ
 (m
m
)
WC50-1
WC50-2
WC50-3
WC40-1
WC40-2
WC40-3
 B04530 
0 20 40 60 80 100 120 140 160
0.00
0.02
0.04
0.06
0.08
0.10
៺
⠻
ㅦ
ᐲ
 (m
m
/h
)
WC50-1
WC50-2
WC50-3
WC40-1
WC40-2
WC40-3
 B04530 
0 2 4 6 8 10 12
0
2
4
6
8
10
៺
⠻
ᷓ
ߐ
 (m
m
)
 B10030 
0 2 4 6 8 10 12
0.0
0.2
0.4
0.6
0.8
1.0
1.2
៺
⠻
ㅦ
ᐲ
 (m
m
/h
)
 B10030 
0 2 4 6 8 10 12
0
2
4
6
8
10
៺
⠻
ᷓ
ߐ
 (m
m
)
 B15030 
0 2 4 6 8 10 12
0.0
0.2
0.4
0.6
0.8
1.0
1.2
៺
⠻
ㅦ
ᐲ
 (m
m
/h
)
 B15030 
0 2 4 6 8 10 12
0
2
4
6
8
10
ᤨ㑆 (h)
៺
⠻
ᷓ
ߐ
 (m
m
)
 B20030 
0 2 4 6 8 10 12
0.0
0.2
0.4
0.6
0.8
1.0
1.2
ᤨ㑆 (h)
៺
⠻
ㅦ
ᐲ
 (m
m
/h
)
 B20030 
20 農村工学研究所報告　第 52号　（2013）
 Ⴧടߔࠆߎߣ㧘ԙฯ಴࿶ജ߇㜞ߊߥࠆ߶ߤ㧘៺⠻ߩㅴⴕ߇
ㅦߊߥࠆߎߣ㧘ԚW/C=50%ߪ 40%ߦᲧセߒߡ៺⠻ߩㅴⴕ
߇ㅦ޿ߎߣ㧘߇␜ߐࠇߚޕ߹ߚ㧘៺⠻ㅦᐲߦ߅޿ߡߪ㧘4.5 
MPaߢߪೋᦼ 20ᤨ㑆㧘10 MPaએ਄ߢߪೋᦼ 1㨪2ᤨ㑆ߦ
߫ࠄߟ߈ߪ޽ࠆ߽ߩߩߘࠇએ㒠ߪ߶߷৻ቯߩ୯ࠍ␜ߒߚޕ 
ฯ಴ⵝ⟎AߣBߩฯ಴࿶ജ 4.5 MPaߦ߅ߌࠆห᳓࠮ࡔࡦ
࠻Ყߩో⹜㛎ᤨ㑆ࠍㅢߒߚ៺⠻ㅦᐲߩᐔဋ୯ࠍᲧセߔࠆ
ߣ㧘ฯ಴ⵝ⟎ A߇ Bࠍ਄࿁ߞߡ߅ࠅ㧘ฯ಴ⵝ⟎ Bߦኻߔ
ࠆᲧ₸ߢW/C=50%߇⚂ 148%㧘W/C=40%߇⚂ 114%ߢ޽ߞ
ߚޕߎߩේ࿃ߣߒߡߪ㧘ฯ಴ⵝ⟎ A ߇ B ߦᲧセߒߡฯ಴
ᵹ㊂߇⚂ 1.9୚ߣᄙ޿ߎߣ㧘߹ߚ㧘ࡁ࠭࡞߆ࠄ⹜㛎૕߹ߢ
ߩ〒㔌߇ 10 mmዊߐ޿ߎߣ߇⠨߃ࠄࠇࠆޕ 
ฯ಴࿶ജ߅ࠃ߮ฯ಴ㅦᐲߣ៺⠻ㅦᐲߣߩ㑐ଥࠍ Fig. 40
ߦ␜ߔޕߎߎߢߪ㧘ฦ⹜㛎ࠤ࡯ࠬߦ߅ߌࠆో⹜㛎ᤨ㑆ߩᐔ
ဋ៺⠻ㅦᐲࠍࡊࡠ࠶࠻ߒߚޕ߹ߚ㧘ฯ಴ⵝ⟎߅ࠃ߮᳓࠮ࡔ
ࡦ࠻Ყ೎ߩ⚥ਸ਼㑐ᢙߦࠃࠆ࿁Ꮻ⋥✢߽૬ߖߡࡊࡠ࠶࠻ߒ
ߚޕ⚥ਸ਼㑐ᢙߪ㧘 
   (7) 
ߎߎߦ㧘ER㧦៺⠻ㅦᐲ㧘X㧦ฯ಴࿶ജ߹ߚߪฯ಴ㅦᐲ㧘
a, b㧦ࡄ࡜ࡔ࡯࠲ 
ߢ⴫ߒ㧘ࡄ࡜ࡔ࡯࠲߅ࠃ߮᳿ቯଥᢙࠍ Table 7ߦ␜ߒߚޕ
 
Fig. 40 ฯ಴࿶ജ߅ࠃ߮ฯ಴ㅦᐲߣ៺⠻ㅦᐲߣߩ㑐ଥ 
Erosion rate versus the discharge pressure and the water jet flow velocity 
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Table 7 ⚥ਸ਼㑐ᢙߦࠃࠆ࿁Ꮻ 
Regression parameters of the test results by power function 
⁛┙ᄌᢙ ฯ಴ⵝ⟎
W/C 
(%)
ࡄ࡜ࡔ࡯࠲ 
᳿ቯଥᢙ
a b 
ฯ಴ 
࿶ജ 
A 50 6E-06 5.74 0.988 
B 50 5E-04 2.55 0.987 
A 40 1E-04 2.81 0.957 
B 40 1E-04 2.78 0.967 
ฯ಴ 
ㅦᐲ 
A 50 4E-25 11.48 0.988 
B 50 5E-12 5.10 0.987 
A 40 5E-14 5.62 0.957 
B 40 2E-13 5.56 0.967 
 
 
Fig. 41 ࿁ォㅦᐲ 30 rpm߅ࠃ߮ 60 rpmߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ㅦᐲߣߩ㑐ଥ 
Comparison of the erosion rate with the test drum rotation at 30 and 60 rpm with discharge pressure 4.5 and 20.0 MPa 
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 หߓฯ಴ⵝ⟎߅ࠃ߮หߓ᳓࠮ࡔࡦ࠻Ყߩ᧦ઙߦ߅޿ߡߪ㧘
⚥ਸ਼㑐ᢙߢㄭૃߢ߈ࠆߎߣ߇␜ߐࠇߚޕߎࠇߪ㧘ฯ಴࿶ജ
߅ࠃ߮ฯ಴ㅦᐲߩჇടߦࠃࠅ㧘៺⠻ㅦᐲ߇ടㅦᐲ⊛ߦჇᄢ
ߔࠆߎߣࠍ␜ߒߡ޿ࠆޕ߹ߚ㧘ߎߩߎߣߪหߓฯ಴ⵝ⟎ࠍ
↪޿ߚ⹜㛎ߢ޽ࠇ߫㧘⹜㛎૕ߦ߅޿ߡᦨૐ 2ὐߩฯ಴࿶ജ
ߦ߅ߌࠆ៺⠻ㅦᐲ߇ᣢ⍮ߢ޽ࠇ߫㧘2 ὐએᄖߩฯ಴࿶ജߦ
߅ߌࠆ៺⠻ㅦᐲ߇ផ᷹น⢻ߢ޽ࠆߎߣࠍ␜ߒߡ޿ࠆޕߟ߹
ࠅ㧘⇣ߥࠆฯ಴࿶ജߢ⹜㛎ߐࠇߚ⹜㛎૕ߩ៺⠻ㅦᐲߦ㑐ߔ
ࠆ⋧ኻ⹏ଔ߇น⢻ߣߥࠆߎߣࠍ␜ໂߒߡ޿ࠆޕߥ߅㧘ฯ಴
࿶ജߣ៺⠻ㅦᐲߣߩ㑐ଥߦ߅ߌࠆW/C = 40%ߩฯ಴ⵝ⟎A
ߣฯ಴ⵝ⟎ Bߩ࿁Ꮻᑼߪ߶߷৻⥌ߒߚ߇㧘ߘࠇએᄖߩห᳓
࠮ࡔࡦ࠻Ყߩ⹜㛎૕ߦ߅ߌࠆ࿁Ꮻᑼߪ৻⥌ߒߥ߆ߞߚޕߎ
ߩߎߣߪ㧘ฯ಴ⵝ⟎ A ߅ࠃ߮ B ߦ߅ߌࠆ៺⠻ᕈ⁁߇⇣ߥ
ࠆߎߣࠍ␜ໂߒߡ޿ࠆޕߘߩේ࿃ߣߒߡߪ㧘ࠬ࠲ࡦ࠼ࠝࡈ
〒㔌㧘ฯ಴ᵹ㊂㧘ᶧṢᓘߥߤߩ᳓ྃᵹߩᒻᘒߥߤߩ⋧㆑߇
⠨߃ࠄࠇࠆޕ 
 (4) ࿁ォㅦᐲߣ៺⠻ㅦᐲߣߩ㑐ଥ 
࿁ォㅦᐲ 30 rpmߣ 60 rpmߦ߅ߌࠆ⹜㛎ᤨ㑆ߣ៺⠻ㅦᐲ
ߣߩ㑐ଥࠍ Fig. 41ߦ␜ߔޕW/C=40%ߩ⹜㛎૕ߩ៺⠻ㅦᐲ
ߪ㧘4.5 MPa㧘20.0 MPaߣ߽࿁ォㅦᐲߩᄌൻߦࠃࠆ᣿⏕ߥ
Ꮕߪ⷗ࠄࠇߥ޿ޕ৻ᣇ㧘W/C=50%ߩ⹜㛎૕ߩ៺⠻ㅦᐲߪ㧘
4.5 MPaߢ 30 rpm߇ 60 rpmࠍ਄࿁ࠅ㧘20.0 MPaߢߪ෻ኻ
ߦ 60 rpm߇ 30 rpmࠍ਄࿁ࠆ⚿ᨐߣߥࠅ㧘⋧෻ߔࠆ௑ะ߇
␜ߐࠇߚޕߎߩߚ߼㧘਄⸥ߩ⚿ᨐߪ⹜㛎૕ߩ߫ࠄߟ߈ߥߤ
ߦࠃࠅᓧࠄࠇߚน⢻ᕈ߇޽ࠅ㧘ߎߩ࿁ォㅦᐲߩ▸࿐ౝߦ߅
޿ߡߪ㧘ߘߩᓇ㗀ࠍ⠨ᘦߔࠆᔅⷐߪߥ޿ߣ⠨߃ࠄࠇࠆޕ 
 
４ セメントペースト試験体およびモルタル試験体の
摩耗特性 
ᧄ▵ߢߪ㧘᳓ྃᵹ៺⠻⹜㛎ࠍ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻㧘ࡕ࡞࠲
࡞⹜㛎૕ߦㆡ↪ߒ㧘ฦ⹜㛎૕ߩၮ␆⊛ߥ៺⠻․ᕈߦߟ޿ߡ
ᬌ⸛ߒߚ⚿ᨐߦߟ޿ߡㅀߴࠆޕ 
 
a 試験方法 
(1) ⹜㛎૕ 
⹜㛎૕ߪ㧘ࡕ࡞࠲࡞ 2⒳ߣࡍ࡯ࠬ࠻ 1⒳ߩ⸘ 3⒳ߩ㈩ว
ߣߒߚ㧔Table 8㧕ޕ᧚ᢱߪ㧘᥉ㅢࡐ࡞࠻࡜ࡦ࠼࠮ࡔࡦ࠻߅
ࠃ߮ JIS R 5201ߦḰ᜚ߒߚᮡḰ⍾ࠍ૶↪ߒߚޕM40ߩ S/C
ߪ㧘න૏ኈⓍਛߩ⚦㛽᧚㊂߇ M50 ߣ╬ߒߊߥࠆࠃ߁ߦ⸳
ቯߒߚޕ߹ߚ㧘⹜㛎૕ߪ㧘ౝኸᴺ 29614260 mmߩဳᨒ
ߦᛂ⸳ߒ㧘ฦ㈩วߦߟ޿ߡ 2୘ࠍ૞⵾ߒߚޕ᧚㦂 1ᣣߢ⣕
ဳߒߚᓟߦ᳓ਛ㙃↢ߒ㧘᧚㦂 28ᣣߢ⹜㛎㐿ᆎߣߒߚޕ 
(2) ⹜㛎᧦ઙ 
⹜㛎᧦ઙࠍ Table 9ߦ␜ߔޕฯ಴ⵝ⟎ Aࠍ↪޿㧘⹜㛎ᤨ
㑆ߪᮡḰߢ 28ᣣ㧔672ᤨ㑆㧕ߣߒߚޕ⹜㛎૕ߩ៺⠻㊂ߣߒ
ߡߪ㧘៺⠻㊀㊂㧔᳇ਛ㧘᳓ਛ㧕߅ࠃ߮៺⠻ᷓߐࠍ⸘᷹ߒߚޕ
⸘᷹ߪ㧘៺⠻⹜㛎೨߅ࠃ߮ 1㧘2㧘3㧘4㧘7㧘14㧘21㧘28ᣣ
⚻ㆊᓟߦታᣉߒߚޕฦ⹜㛎ᤨ㑆⚻ㆊᓟߦ⹜㛎૕ࠍ⹜㛎ᯏ߆
ࠄᄖߒ㧘᳓ਛ㊀㊂߅ࠃ߮᳇ਛ㊀㊂ࠍ᷹ቯߒߚᓟ㧘࡟࡯ࠩ࡯
ᄌ૏⸘ߦࠃࠅ៺⠻ᷓߐࠍ⸘᷹ߒߚޕ 
 
b 結果と考察 
(1) ៺⠻㊂ 
៺⠻⹜㛎⚳ੌᓟߩ⹜㛎૕ߩ⁁ᴫࠍ Fig. 42 ߦ␜ߔޕߎߩ
࿑ࠃࠅ㧘៺⠻㗔ၞ߇⹜㛎૕ਛᄩㇱࠍᏪߩࠃ߁ߦ❑ᢿߒߡ޿
ࠆߎߣ㧘߹ߚ㧘ߘߩ㗔ၞߪ㐳ᣇᒻߢߪߥߊ㧘ਛᔃㇱಽߩ᏷
߇⚦޿ᒻ⁁ࠍ᦭ߒߡ޿ࠆߎߣ߇ࠊ߆ࠆޕ 
⹜㛎ᤨ㑆ߣ៺⠻㊀㊂ߣߩ㑐ଥࠍ Fig. 43 ߦ㧘᳇ਛ㊀㊂ߣ
᳓ਛ㊀㊂߆ࠄ᳞߼ߚ៺⠻૕Ⓧߣߩ㑐ଥࠍ Fig. 44 ߦ㧘ᐔဋ
៺⠻ᷓߐߣᦨᄢ៺⠻ᷓߐߣߩ㑐ଥࠍ Fig. 45߅ࠃ߮ Fig. 46
ߦ␜ߔޕ޿ߕࠇߩ⚿ᨐ߽㧘ࡍ࡯ࠬ࠻⹜㛎૕ߩ៺⠻㊂߇ᄢ߈
޿ߎߣ㧘ࡕ࡞࠲࡞⹜㛎૕ߪ㧘៺⠻ೋᦼߦ߅޿ߡࡍ࡯ࠬ࠻⹜
㛎૕ߩ៺⠻㊂ࠍ਄࿁ࠆߎߣ߽޽ࠆ߇㧘⋥ߋߦૐਅߔࠆߎ
ߣ㧘ࠍ␜ߒߡ޿ࠆޕߎࠇߪ㧘㛽᧚ߩ᦭ή߇ේ࿃ߣ⠨߃ࠄࠇ
ࠆޕߟ߹ࠅ㧘ࡍ࡯ࠬ࠻⹜㛎૕ߢߪ㧘߶߷ဋ⾰᭴ㅧߢ޽ࠆߚ
߼ߦ✢ᒻ⊛ߦ៺⠻㊂߇Ⴧടߔࠆߩߦኻߒ㧘ࡕ࡞࠲࡞⹜㛎૕
ߢߪ㧘᳓ྃᵹߦࠃࠆ៺⠻૞↪ߦᒝ޿㛽᧚ㇱಽߣࠃࠅᒙ޿ࡍ
࡯ࠬ࠻ㇱಽ߆ࠄ᭴ᚑߐࠇߡ߅ࠅ㧘㛽᧚߇⴫㕙ߦ㔺಴ߒߚᓟ
ߪ㧘៺⠻ࠍฃߌࠆ⴫㕙ߦභ߼ࠆࡍ࡯ࠬ࠻ㇱಽߩ㕙Ⓧ߇❗ዊ
ߒߡ޿ߊߚ߼ߦ㧘៺⠻㊂߇ૐਅߒߡ޿ߊߣ್ᢿߐࠇߚޕߎ
ࠇߪ㧘⹜㛎⚳ੌᓟߩM50㧔Fig. 47㧕߅ࠃ߮ C50㧔Fig. 48㧕
ߩ៺⠻⁁ᴫ߆ࠄ߽␜ໂߐࠇߚޕ 
M50ߢߪ㧘⴫㕙ߦᄙߊߩ㛽᧚߇㔺಴ߒ㧘ಳಲߩᄢ߈ߥ⁁
ᴫߣߥߞߡ޿ߚޕߎࠇߪ㧘᳓ྃᵹߩ៺⠻૞↪ߦᒙ޿ࡍ࡯ࠬ
࠻ಽ߇వߦᵹ಴ߒ㧘៺⠻ߦᒝ޿㛽᧚߇⴫㕙ߦᱷߞߚ⚿ᨐߢ
޽ࠆߣ⠨߃ࠄࠇߚޕ㛽᧚ߩਛߦߪ㧘๟࿐ߩࡍ࡯ࠬ࠻ಽߪᵹ
಴ߒߡ޿ࠆ߽ߩߩ㧘ߘߩਅ㕙ߩࡍ࡯ࠬ࠻ಽߣߩઃ⌕ߩߺߢ
ᱷߞߡ޿ࠆ㛽᧚߽ᄙߊ㧘㗂ߦ㛽᧚ࠍタߖߚ⁛┙ፄ߇ੂ┙ߔ
Table 8 ⹜㛎૕ߩ㈩ว߅ࠃ߮࿶❗ᒝᐲ 
Mix proportion and compressive strength of specimen 
⸥ภ W/C (%) S/C 
࿶❗ᒝᐲ 
ǻ28 (N/mm2) 
M50 50 3.0 39.1 
M40 40 2.6 51.1 
C50 50 0 40.7 
Table 9 ⹜㛎᧦ઙ 
Conditions of water jet erosion test 
㗄⋡ ᧦ઙ 
ฯ಴࿶ജ 4.5 MPa 
ฯ಴ᵹ㊂ 24.1 l/min 
࠼࡜ࡓ࿁ォㅦᐲ 30 rpm 
ࡁ࠭࡞ߩྃ኿᳓ᚸ⁁ⷺᐲ 40q 
⹜㛎૕ኸᴺ 29614260 mm 
  
 
Fig. 42 ⹜㛎⚳ੌᓟߩ⹜㛎૕㧔M40㧕 
Surface state of the specimen after erosion test (M40) 
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 ࠆ᭽⋧ࠍ๒ߒߡ޿ߚޕߘߩ⚿ᨐ㧘㛽᧚߇᳓ྃᵹ߆ࠄਅ㕙ߩ
ࡍ࡯ࠬ࠻ㇱಽࠍ଻⼔ߔࠆߎߣߣߥࠅ㧘៺⠻ߩㅴⴕ߇ᛥ೙ߐ
ࠇߚߣ⠨߃ࠄࠇߚޕߎࠇߦኻߒߡ㧘C50ߢߪ㧘៺⠻⴫㕙߇
ߥߛࠄ߆ߥ߹߹ߢ៺⠻߇ㅴⴕߒߡ޿ࠆ⁁ᴫ߇␜ߐࠇߡ޿
ࠆޕ 
ߣߎࠈߢ㧘៺⠻㊂ߪ㧘៺⠻㊀㊂㧘៺⠻૕Ⓧ㧘ᐔဋ៺⠻ᷓ
ߐߣ߽ห᭽ߩ௑ะࠍ␜ߔ߇㧘⹏ଔᜰᮡߣߒߡߪ㧘ᐔဋ៺⠻
ᷓߐ߇ఝࠇߡ޿ࠆߣ್ᢿߐࠇߚޕℂ↱ߣߒߡߪ㧘៺⠻ᷓߐ
ߩ᷹ቯߦࠃߞߡ㧘⴫㕙ᒻ⁁ࠍቯ㊂⊛ߦᛠីߔࠆߎߣ߇น⢻
ߢ޽ࠆߎߣ㧘߹ߚ㧘៺⠻એᄖߩේ࿃ߦࠃࠆ⹜㛎૕ߩᰳߌߥ
ߤ߇↢ߓߡ߽㧘៺⠻ᷓߐߩ᷹ቯ୯߇ᓇ㗀ࠍฃߌࠆߎߣ߇ዋ
ߥ޿ߎߣߥߤ߇᜼ߍࠄࠇࠆޕᧄ⹜㛎ߦ߅޿ߡߪ㧘⣀ᕈ᧚ᢱ
ߢ޽ࠆ࠮ࡔࡦ࠻♽⹜㛎૕ߦࠃࠆ㐳ᤨ㑆ߩ⹜㛎ߣߥࠆߎߣ
߆ࠄ㧘⹜㛎૕ߩขࠅઃߌ࡮ขࠅᄖߒ㧘߹ߚ㧘⸘ེ᷹߳ߩ⒖
േߥߤߩ৻ㅪߩ૞ᬺߦ߅޿ߡ⹜㛎૕ߩ৻ㇱ߇ᰳߌࠆߥߤ
ߩ៊்߇↢ߓࠆߎߣߪචಽߦ੍ᗐߐࠇࠆޕ⹜㛎૕߇៊்ߒ
ߚ႐วߪ㧘㊀㊂᷹ቯߛߌߢߪ㧘⹜㛎⚿ᨐࠍㆡᱜߦ⹏ଔߔࠆ
ߎߣߪ࿎㔍ߣߥࠆޕߘࠇߦኻߒߡ㧘៺⠻ᷓߐߪ㧘៺⠻㕙ߦ
ኻߔࠆ៊்ߢߥߌࠇ߫㧘⹜㛎૕ߦᄙዋߩ៊்߇↢ߓߡ߽⹜
㛎⚿ᨐࠍㆡᱜߦ⹏ଔߔࠆߎߣ߇น⢻ߥ㗎ᒝߥ៺⠻ᜰᮡߢ
޽ࠆޕ 
(2) ៺⠻ㅦᐲ 
ᣣᒰߚࠅߩᐔဋ៺⠻ᷓߐࠍᐔဋ៺⠻ㅦᐲߣߒߡ␜ߒߚ
ߩ߇ Fig. 49ߢ޽ࠆޕೋᦼ 7ᣣ⋡߹ߢߪฦ⹜㛎૕ߣ߽ᄌേ
߇ᄢ߈޿߇㧘7 ᣣ⋡એ㒠ߪᄌേ߇ዋߥ޿⚿ᨐߣߥߞߚޕ߹
ߚ㧘ࡕ࡞࠲࡞⹜㛎૕߅ࠃ߮ࡍ࡯ࠬ࠻⹜㛎૕ߣ߽ߦᐔဋ៺⠻
ㅦᐲ߇ૐਅߒߡ޿ࠆߎߣ߇␜ߐࠇߚޕ7 ᣣ⋡એ㒠ߩᐔဋ៺
⠻ㅦᐲߩૐਅߦߟ޿ߡߪ㧘ࡕ࡞࠲࡞⹜㛎૕ߣࡍ࡯ࠬ࠻⹜㛎
 
Fig. 43 ⹜㛎ᤨ㑆ߣ៺⠻㊀㊂ߣߩ㑐ଥ 
Comparison of the erosion weight of mortar and cement paste 
specimen 
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Fig. 44 ⹜㛎ᤨ㑆ߣ៺⠻૕Ⓧߣߩ㑐ଥ 
Comparison of the erosion volume of mortar and cement paste 
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Fig. 45 ⹜㛎ᤨ㑆ߣᐔဋ៺⠻ᷓߐߩ㑐ଥ 
Comparison of the average erosion depth of mortar and cement 
paste specimen 
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Fig. 46 ⹜㛎ᤨ㑆ߣᦨᄢ៺⠻ᷓߐߩ㑐ଥ 
Comparison of the maximum erosion depth of mortar and cement 
paste specimen 
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Fig. 47 M50ߩ៺⠻⁁ᴫ㧔28ᣣᓟ㧕 
Eroded surface state of specimen M50 after test (28 days) 
 
Fig. 48 C50ߩ៺⠻⁁ᴫ㧔28ᣣᓟ㧕 
Eroded surface state of specimen C50 after test (28 days) 
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 ૕ߢߪේ࿃߇⇣ߥࠆߣ⠨߃ࠄࠇߚޕ೨ㅀߒߚࠃ߁ߦࡕ࡞࠲
࡞⹜㛎૕ߢߪ㧘㛽᧚ߣࡍ࡯ࠬ࠻ㇱߢ៺⠻ߩㅴⴕㅦᐲ߇⇣ߥ
ࠅ㧘㛽᧚߇㔺಴ߔࠆߣ៺⠻ߩㅴⴕ߇ᛥ೙ߐࠇࠆޕߘߩߚ߼㧘
ᤨ㑆⚻ㆊߣߣ߽ߦ៺⠻⴫㕙Ⓧߦභ߼ࠆ㛽᧚⴫㕙Ⓧߩഀว
߇Ⴧടߒ㧘៺⠻ㅦᐲ߇ૐਅߒߚߣ⠨߃ࠄࠇߚޕߘࠇߦኻߒ
ߡ㧘ࡍ࡯ࠬ࠻⹜㛎૕ߩ႐วߪ㧘㛽᧚ㇱಽߣࡍ࡯ࠬ࠻ㇱಽߩ
ࠃ߁ߥਇဋ৻ᕈࠍ᦭ߔࠆࡕ࡞࠲࡞⹜㛎૕ߣߪ⇣ߥࠅ㧘߶߷
ဋ৻ߥ᭴ㅧߢ޽ࠆߚ߼㧘ᧄ᧪ߢ޽ࠇ߫㧘৻ቯߩ៺⠻ㅦᐲࠍ
⛽ᜬߔࠆߎߣ߇੍ᗐߐࠇߚޕߒ߆ߒߥ߇ࠄ㧘ࡍ࡯ࠬ࠻⹜㛎
૕ߪ㧘៺⠻ㅦᐲ߇ㅦ޿ߚ߼ߦ㧘៺⠻ㅴⴕߦ઻ߞߡ㧘⹜㛎૕
ߩ៺⠻⴫㕙߇᳓ྃᵹྃ኿ࡁ࠭࡞ߦኻߒߡ⋧ኻ⊛ߦᓟㅌߔ
ࠆߎߣߣߥࠅ㧘ߘߩ⚿ᨐ㧘᳓ྃᵹߩ೔㆐〒㔌߇િ߮㧘៺⠻
⴫㕙ߦ߅ߌࠆ᳓ྃᵹߩⴣ᠄ജ߇ૐਅߒߚߚ߼㧘៺⠻ㅦᐲ߇
ૐਅߒߚࠃ߁ߦ⷗߃ࠆߣ⠨߃ࠄࠇߚޕ 
߹ߚ㧘න૏ኈⓍਛߩ⚦㛽᧚㊂ࠍหߓߦ⸳ቯߒߚࡕ࡞࠲࡞
⹜㛎૕M50ߣM40ߦ߅޿ߡߪ㧘 7ᣣ⋡એ㒠ߩᐔဋ៺⠻ㅦ
ᐲߪM40ߦኻߒߡM50ߪ⚂ 1.2㨪2୚ߩ៺⠻ㅦᐲߢផ⒖ߒ
ߚޕߎࠇߪ㧘⚦㛽᧚㊂߇หߓߢ޽ࠇ߫㧘᳓࠮ࡔࡦ࠻Ყߩ⋧
㆑ߦࠃࠆࡍ࡯ࠬ࠻ಽߩᒝᐲߩ⋧㆑߇៺⠻ㅴⴕߦᓇ㗀ࠍ෸
߷ߒߚߣ್ᢿߐࠇߚޕ 
(3) ៺⠻ᒻ⁁ 
ฦ⹜㛎૕ߦ߅ߌࠆ Fig. 50ߩ X-X ̉߅ࠃ߮ Y-Y ᢿ̉㕙ߦ߅
ߌࠆ⹜㛎⚳ੌᓟߩ៺⠻⁁ᴫࠍFig. 51߅ࠃ߮Fig. 52ߦ␜ߔޕ
೨ㅀߩ㧘ࡕ࡞࠲࡞⹜㛎૕ߩ៺⠻⴫㕙߇㛽᧚ߩ㔺಴ߦࠃࠅ㧘
⴫㕙ߩಳಲ߇ᄢ߈ߊ㧘৻ᣇ㧘ࡍ࡯ࠬ࠻⹜㛎૕ߢߪ㧘ߥߛࠄ
߆ߥ៺⠻⴫㕙ࠍᒻᚑߒߡ޿ࠆ⁁ᴫ߇ቯ㊂⊛ߦ␜ߐࠇߡ޿
ࠆޕૉߒ㧘C50-2ߩ Y-Y ᢿ̉㕙ߩ-40 mmㄝࠅߩ⓭⿠ㇱಽߪ㧘
ߘߩㇱಽߩ⦡߇๟ㄝߣᲧセߒỚ޿Ἧ⦡ߢ޽ߞߚߎߣ߆ࠄ
࠮ࡔࡦ࠻ಽ߇ᄙߊ㧘ᒝᐲߩ㜞޿ㇱಽߢ޽ߞߚߚ߼ߦ៺⠻ㅴ
ⴕ߇ᛥ೙ߐࠇߚߣផ᷹ߐࠇߚޕ 
X-X̉ᢿ㕙ߩࡍ࡯ࠬ࠻⹜㛎૕ߩ៺⠻ᒻ⁁߆ࠄ㧘៺⠻⁁ᴫ
ߪဋ৻ߢߪߥߊ㧘៺⠻ߦ஍ࠅ߇޽ࠆߎߣ߇್᣿ߒߚޕߎߩ
ේ࿃ߣߒߡ⠨߃ࠄࠇࠆߩߪ㧘ᧄ⹜㛎ᯏߩ᳓ྃᵹྃ኿ࡁ࠭࡞
߆ࠄྃ಴ߐࠇࠆ᳓ྃᵹߦ஍ࠅ߇޽ࠆߎߣߢ޽ࠆޕࡁ࠭࡞߆
ࠄߪ᳓ྃᵹ߇ 40qߩⷺᐲߢ᜛߇ߞߡ᡼಴ߐࠇࠆߎߣߦߥ
ߞߡ޿ࠆ߇㧘ߎࠇߦߪࡁ࠭࡞ߩടᎿ♖ᐲ߅ࠃ߮ࡁ࠭࡞ߩข
ࠅઃߌⷺᐲ߇ᄢ߈ߊᓇ㗀ߔࠆޕߒ߆ߒ㧘એਅߩᬌ⸛ߢߪᐔ
ဋ୯ࠍరߦ⼏⺰ࠍㅴ߼ߡ޿ࠆߚ߼㧘ߎߩ⒟ᐲߩ៺⠻ߩ஍ࠅ
ߪᓇ㗀ߥ޿ߣ್ᢿߐࠇߚޕ 
Y-Ỷᢿ㕙ߩࡍ࡯ࠬ࠻⹜㛎૕ߩ៺⠻ᒻ⁁߆ࠄ㧘⹜㛎૕ߩ
┵ㇱࠃࠅ߽ਛᄩㇱߢ៺⠻߇ㅴⴕߒߡ޿ࠆߎߣ߇␜ߐࠇߚޕ
ߎߩේ࿃ߣߒߡߪ㧘᳓ྃᵹྃ኿ࡁ࠭࡞߆ࠄ⹜㛎૕⴫㕙߹ߢ
ߩ〒㔌ߩ⋧㆑߇᜼ߍࠄࠇࠆޕ࠼࡜ࡓߦ⸳⟎ߐࠇߚ⹜㛎૕
߇㧘࿁ォߒߥ߇ࠄ᳓ྃᵹࠍฃߌࠆ᭴ㅧߢ޽ࠆߎߣ߆ࠄ㧘Fig. 
53 ߦ␜ߔࠃ߁ߦ⹜㛎૕⴫㕙߳ߩ᳓ྃᵹߩⴣ⓭ⷺᐲ߅ࠃ߮
᳓ྃᵹߩ೔㆐〒㔌ߪ⹜㛎૕⴫㕙ߩ૏⟎ߦࠃߞߡ⇣ߥߞߡ
 
Fig. 49 ⹜㛎ᤨ㑆ߣᐔဋ៺⠻ㅦᐲߩ㑐ଥ 
Comparison of the average erosion rate of mortar and cement paste 
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Fig. 51 X-X̉ᢿ㕙ߩ៺⠻⁁ᴫ㧔28ᣣᓟ㧕 
Cross-sectional erosion shape at X-X’ (28 days) 
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Fig. 52 Y-Ỷᢿ㕙ߩ៺⠻⁁ᴫ㧔28ᣣᓟ㧕 
Cross-sectional erosion shape at Y-Y’ (28 days) 
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Fig. 50 ⹜㛎૕ߦ߅ߌࠆ៺⠻ᒻ⁁ᬌ⸛ᢿ㕙 
Measurement position of erosion surface shape at the specimen 
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 ޿ࠆޕ⹜㛎૕ਛᔃㇱߢߪ㧘᳓ྃᵹⴣ⓭ⷺᐲߪ 90qߢ᳓ྃᵹ
೔㆐〒㔌ߪ 70 mm㧘ߎࠇߦኻߒߡ┵ㇱߢߪ㧘᳓ྃᵹⴣ⓭ⷺ
ᐲ 63.4qߢ᳓ྃᵹ೔㆐〒㔌ߪ 87 mmߣߥߞߡ޿ࠆޕ⹜㛎૕
ߩਛᔃㇱ߆ࠄ┵ㇱ߹ߢߩ㑆ߪ㧘᳓ྃᵹⴣ⓭ⷺᐲߪ 63.4q㨪
90q㧘᳓ྃᵹ೔㆐〒㔌ߪ 87㨪70 mmߩ㑆ߢᄌൻߔࠆޕ᳓ྃ
ᵹ೔㆐〒㔌߇⍴޿߶ߤ៺⠻⴫㕙ߦ߅ߌࠆ᳓ྃᵹߩ࿶ജߪ
㜞޿ߣ⠨߃ࠄࠇࠆޕߒߚ߇ߞߡ㧘⹜㛎૕ߩ៺⠻ᒻ⁁ߪ Fig. 
52 ߦ␜ߐࠇࠆࠃ߁ߦਛᔃㇱઃㄭߢ៺⠻ᷓߐ߇ᦨᄢߣߥߞ
ߚߣ್ᢿߐࠇߚޕ 
ߣߎࠈߢ㧘᳓ྃᵹⴣ⓭ⷺᐲ߇ 63.4q㨪90qߢ޽ࠆߎߣߩ
ᓇ㗀ߣߒߡ㧘೨ㅀߩ㗂ߦ㛽᧚ࠍタߖߚ⁛┙ፄ߇ੂ┙ߔࠆ᭽
⋧ࠍ๒ߔࠆࡕ࡞࠲࡞⹜㛎૕ߩ៺⠻ᒻ⁁߇᜼ߍࠄࠇࠆޕߎߩ
ࠃ߁ߥᒻ⁁ߢ޽ࠇ߫㧘⹜㛎૕⴫㕙ߣᐔⴕᣇะ߆ࠄߩᒝ޿࿶
ജ߇૞↪ߔࠆ႐วߦߪ㧘ߘߩ㛽᧚ߪኈᤃߦᵹ಴ߒ㧘⁛┙ፄ
߇ੂ┙ߔࠆࠃ߁ߥᒻ⁁ߦߪߥࠄߥ޿ߣ⠨߃ࠄࠇࠆޕߣߎࠈ
߇ⴣ⓭ⷺᐲ߇⋥ⷺߦㄭ޿ߎߣ߆ࠄ㧘ᄖജ߇㋦⋥ᣇะ߆ࠄਥ
ߣߒߡ௛ߊߚ߼㧘ߘߩᄖജߪ㛽᧚ࠍㅢߓߡ⹜㛎૕ߦવ㆐ߐ
ࠇࠆߩߺߢ㧘㛽᧚ᵹ಴߇ㆃࠇࠆේ࿃ߣߥߞߡ޿ࠆߣផ᷹ߐ
ࠇࠆޕ 
 
５ コンクリート試験体の摩耗特性 
a 試験方法 
(1) ⹜㛎૕ 
ߩ㈩วߦࠃࠅ㧘᳓࠮ࡔࡦ࠻Ყ 3⒳㧔40%, 50%, 60%㧕ߩࠦ
ࡦࠢ࡝࡯࠻ࠍဳᨒ㧔ౝኸᴺ 29614260 mm㧕ߦᛂ⸳ߒߡ
૞⵾ߒߚޕ㈩วߪฦ᳓࠮ࡔࡦ࠻Ყߦ߅޿ߡ㛽᧚ߩන૏㊂߇
╬ߒߊߥࠆࠃ߁ߦ⸳ቯߒߚޕ⹜㛎૕ߪ㧘ฦ᳓࠮ࡔࡦ࠻Ყߦ
ߟ޿ߡ 2૕ߣߒ㧘᧚㦂 1ᣣߢ⣕ဳߒߚᓟߦ᳓ਛ㙃↢ߒ㧘᧚
㦂 28ᣣߢ⹜㛎ࠍ㐿ᆎߒߚޕ᧚㦂 28ᣣߦ߅ߌࠆ࿶❗ᒝᐲࠍ
 
(2) ⹜㛎᧦ઙ 
⹜㛎૕ߩ៺⠻ᷓߐࠍኻ⽎ߦ⹜㛎㐿ᆎ೨㧘1㧘2㧘3㧘5㧘10㧘
30㧘50㧘100㧘200ᤨ㑆ᓟߦታᣉߒߚޕฦ⸘᷹ᤨߦ߅޿ߡ㧘
࡟࡯ࠩ࡯ᄌ૏⸘ࠍ↪޿ߡ⹜㛎૕ߩ៺⠻ᷓߐࠍ᷹ቯߒ㧘⹜㛎
૕ਛᄩㇱ 5050 mm ߩ㗔ၞߦ߅ߌࠆ៺⠻ᷓߐߩᐔဋ୯ࠍ
ᐔဋ៺⠻ᷓߐߣߒߚޕ߹ߚ㧘න૏ᤨ㑆ᒰߚࠅߩᐔဋ៺⠻ᷓ
ߐߩᄌൻࠍ៺⠻ㅦᐲߣߒߚޕ 
 
b 結果と考察 
ฦ⹜㛎ᤨ㑆⚻ㆊᓟߦ߅ߌࠆ៺⠻⁁ᴫߦߟ޿ߡ᳓࠮ࡔࡦ
ߦ߅޿ߡߪ㧘⴫㕙ߦ㛽᧚ߪ⷗ࠄࠇߥ޿߇㧘⹜㛎ߩ⚻ㆊߣߣ
߽ߦవߦ⚦㛽᧚㧘ᰴ޿ߢ☻㛽᧚߇⴫㕙ߦ㔺಴ߔࠆㆊ⒟߇⏕
⹺ߐࠇߚޕߎࠇߪ㧘⹜㛎૕߳ߩ᳓ྃᵹߩⴣ⓭ߦࠃߞߡ㧘࠮
ࡔࡦ࠻ࡍ࡯ࠬ࠻߇⣕㔌ߒ㧘㛽᧚߇㔺಴ߔࠆㆊ⒟ߢ޽ࠆߣ⠨
߃ࠄࠇߚޕ߹ߚ㧘0㨪30 ᤨ㑆߹ߢߪ⴫㕙⁁ᘒߦᄌൻ߇⷗ࠄ
ࠇࠆߩߦኻߒ㧘50ᤨ㑆એ㒠ߪ⹜㛎ᤨ㑆߇㐳ߊߥࠆߦ߽߆߆
ࠊࠄߕ㧘ᄢ߈ߥᄌൻߪ⷗ࠄࠇߥ߆ߞߚޕߎࠇߪ㧘៺⠻⴫㕙
߇߶߷㔺಴ߒߚ㛽᧚ߢභ߼ࠄࠇߚߚ߼ߦ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ
࠻߳ߩ᳓ྃᵹߩⴣ⓭߇ᅹߍࠄࠇ㧘៺⠻߇ㅴⴕߒߥ߆ߞߚ⚿
ᨐߢ޽ࠆߣ⠨߃ࠄࠇߚޕ 
ߩ࿑ࠃࠅ㧘޿ߕࠇߩ᳓࠮ࡔࡦ࠻Ყߦ߅޿ߡ߽㧘⹜㛎㐿ᆎ߆
ࠄ 10ᤨ㑆⒟ᐲ߹ߢߪᕆỗߦ៺⠻ᷓߐ߇Ⴧടߔࠆ߇㧘10ᤨ
㑆ࠍ⿥߃ࠆߣ៺⠻ᷓߐߩჇട߇ㅛᷫߔࠆߎߣ߇⏕⹺ߐࠇ
ߚޕߎߩ⚿ᨐߪ㧘Φ3aߦ߅ߌࠆࡕ࡞࠲࡞⹜㛎૕ߣห᭽ߩ௑
ะߢ޽ࠅ㧘⹜㛎ᤨ㑆ߣ៺⠻ᷓߐߣߩ㑆ߦ߶߷✢ᒻߩ㑐ଥ߇
Table 10 ࠦࡦࠢ࡝࡯࠻㈩ว 
Mix proportion of concrete specimen 
☻㛽᧚ߩ 
ᦨᄢኸᴺ 
(mm) 
᳓࠮ࡔࡦ࠻ 
Ყ 
(%) 
⚦㛽᧚ 
₸ 
(%) 
න૏㊂ (kg/m3) 
᳓ 
W 
࠮ࡔࡦ࠻
C 
⚦㛽᧚ 
S 
☻㛽᧚ 
G 
ᷙ๺೷ 
A 
20 40 43.0 155 387 746 1050 0.968 
20 50 43.0 170 340 746 1050 0.850 
20 60 43.0 182 303 746 1050 0.757 
 
Table 11 ⹜㛎૕ߩ࿶❗ᒝᐲ 
Compressive strength of specimen 
⸥ภ W/C (%) ࿶❗ᒝᐲ ǻ28 (N/mm2) 
W/C40 40 41.4 
W/C50 50 35.4 
W/C60 60 25.1 
 
Table 12 ⹜㛎᧦ઙ 
Conditions of water jet erosion test 
㗄⋡ ᧦ઙ 
㜞࿶᳓ྃ኿࿶ജ 15 MPa 
㜞࿶᳓ྃ኿᳓㊂ 22.0 l/min 
࠼࡜ࡓ࿁ォㅦᐲ 30 rpm 
ࡁ࠭࡞ߩྃ኿᳓ᚸ⁁ⷺᐲ 40q 
⹜㛎૕ኸᴺ 29614260 mm 
 
Fig. 53 ଏ⹜૕߳ߩ᳓ྃᵹⴣ⓭ⷺᐲ߅ࠃ߮೔㆐〒㔌 
Water jet impact angle and the distance from the nozzle to the 
specimen 
試験体
63.4° 63.4°
70
m
m
⹜㛎૕ߪ㧘᥉ㅢࡐ࡞࠻࡜ࡦ࠼࠮ࡔࡦ࠻ࠍ↪޿ߡ㧘Table 10
Table 11ߦ␜ߔޕ 
⹜㛎᧦ઙࠍ Table 12ߦ␜ߔޕฯ಴ⵝ⟎ Bࠍ↪޿㧘⸘᷹ߪ
࠻Ყ 40%ߩ⹜㛎૕ࠍ଀ߣߒߡ Fig. 54ߦ␜ߔޕ⹜㛎㐿ᆎ೨
⹜㛎ᤨ㑆ߣᐔဋ៺⠻ᷓߐߣߩ㑐ଥࠍ Fig. 55 ߦ␜ߔޕߎ
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 ⷗಴ߐࠇߚ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻⹜㛎૕ߣߪ⇣ߥߞߡ޿ࠆޕߎ
ࠇߪ㧘వㅀߒߚࠃ߁ߦࠦࡦࠢ࡝࡯࠻⹜㛎૕ߦ߅޿ߡ߽㧘㛽
᧚㔺಴߇៺⠻ㅴⴕࠍᛥ೙ߔࠆߎߣ߇ේ࿃ߣ⠨߃ࠄࠇߚޕ 
৻ᣇ㧘᳓࠮ࡔࡦ࠻Ყߩ⋧㆑ߦࠃࠆ៺⠻ᷓߐߩㅴⴕߦߪ᣿
⏕ߥᏅ⇣߇⹺߼ࠄࠇߥ߆ߞߚޕߎߩේ࿃ߣߒߡߪ㧘(1)᳓࠮
ࡔࡦ࠻Ყ߇៺⠻ㅴⴕ߳෸߷ߔᓇ㗀ࠃࠅ߽⹜㛎૕ౝㇱߦ߅
ߌࠆ㛽᧚ߩᒻ⁁߅ࠃ߮㈩⟎߇៺⠻ㅴⴕ߳෸߷ߔᓇ㗀߇ᄢ
߈߆ߞߚߎߣ㧘(2)⹜㛎૕ᛂ⸳ᤨߩࡉ࡝࡯࠺ࠖࡦࠣߩᓇ㗀ߢ
៺⠻⹜㛎㕙ߩ⠴៺⠻ᕈ߇ᄌൻߒߚߎߣߥߤ߇⠨߃ࠄࠇߚޕ 
ᐔဋ៺⠻ᷓߐߣ៺⠻ㅦᐲߣߩ㑐ଥ㧔Fig. 56㧕ߢߪ㧘ᐔဋ
៺⠻ᷓߐ߇ 0.5 mm ೨ᓟߦ៺⠻ㅦᐲߩࡇ࡯ࠢ㧔0.22㨪0.33 
mm/h㧕߇޽ࠅ㧘ߘࠇએᷓߢߪૐᷫߒ㧘2 mmએᷓߢߪ៺⠻
ㅦᐲ߇0.003㨪0.004 mm/hߣࡇ࡯ࠢᤨߩ⚂1.1㨪1.9%ߢផ⒖
ߔࠆߎߣ߇␜ߐࠇߚޕߥ߅㧘ᐔဋ៺⠻ᷓߐ 0.5 mmએᵻߦ
߅ߌࠆ៺⠻ㅦᐲ߇ዊߐߥℂ↱ߣߒߡߪ㧘ೋᦼ⴫㕙ߩᐔṖᕈ
ߦࠃࠅ㧘᳓ྃᵹߩⴣ⓭ࠛࡀ࡞ࠡ࡯߇ᢔㅺߔࠆߚ߼ߢ޽ࠆߣ
⠨߃ࠄࠇߚޕ 
਄⸥ߩ⚿ᨐࠃࠅ㧘ࠦࡦࠢ࡝࡯࠻⹜㛎૕ߩ៺⠻ㆊ⒟ߪ㧘࠮
ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ⣕㔌߇వⴕߒ㧘⚦㛽᧚㧘☻㛽᧚ߩ㗅ߢ㛽
᧚߇㔺಴ߒ㧘⹜㛎⴫㕙ߦ߅ߌࠆ㛽᧚㔺಴㗔ၞߩ᜛ᄢ߇࠮ࡔ
ࡦ࠻ࡍ࡯ࠬ࠻ߩ⣕㔌ࠍᛥ೙ߒ㧘ߘߩ⚿ᨐ㧘៺⠻ㅴⴕ߇ㅛᷫ
ߔࠆㆊ⒟ߢ޽ࠆߣ⠨߃ࠄࠇߚޕ߹ߚ㧘ߎߩࠃ߁ߥㆊ⒟ࠍㄡ
ࠆේ࿃ߪ㧘᳓ྃᵹߩⴣ⓭ߦኻߒߡ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩಝ㓸
ജ߅ࠃ߮࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߣ㛽᧚ߣߩઃ⌕ജ߇㛽᧚ߩಝ
㓸ജߦᲧߴߡᒙ޿ߚ߼ߢ޽ࠆߣផቯߐࠇߚޕ 
 
６ コンクリートブロック試験体の摩耗特性 
⍹Ꮉ⋵ߦ߅޿ߡߪ᳓〝ߦࡉࡠ࠶ࠢⓍ᭴ㅧ߇ᄙߊណ↪ߐ
ࠇߡ޿ࠆߎߣ߆ࠄ㧘ࡉࡠ࠶ࠢⓍ᳓〝ߩᯏ⢻⸻ᢿ߅ࠃ߮⹏ଔ
ߩ⏕┙߇⺖㗴ߣߥߞߡ޿ࠆޕᧄ▵ߢߪ㧘Ⓧߺࡉࡠ࠶ࠢߩ៺
⠻㧔Fig. 57㧕ࠍኻ⽎ߣߒߡ㧘ࡉࡠ࠶ࠢᮨᡆ⹜㛎૕ߩ៺⠻ㆊ
⒟߅ࠃ߮៺⠻ߦࠃࠆផቯ☻ᐲଥᢙߩᄌൻߦߟ޿ߡଦㅴ៺
⠻⹜㛎ߦࠃࠅᬌ⸛ߒߚޕ 
 
 
Fig. 54 ⹜㛎૕ߩ៺⠻⁁ᴫߩ⚻ᤨᄌൻ㧔W/C40-1㧕 
Changes of eroded surface state of specimen versus test time 
 
Fig. 55 ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ 
Average erosion depth versus test time 
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Fig. 57 ⃻࿾᳓〝ࡉࡠ࠶ࠢߩ៺⠻⁁ᴫ 
Eroded state of concrete blocks in an actual canal 
 
Fig. 56 ᐔဋ៺⠻ᷓߐߣ៺⠻ㅦᐲߣߩ㑐ଥ 
Average erosion rate versus the erosion depth 
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 a 試験方法 
(1) ⹜㛎૕ 
ࡉࡠ࠶ࠢᮨᡆ⹜㛎૕ߪ 2⒳㘃ߩ㈩ว㧔Table 13㧕ߦࠃࠅ
ฦ 4૕ࠍ૞⵾ߒߚޕ㈩วฬ 18Nߩ⹜㛎૕ߪ㧘ᤘ๺ 40ᐕઍ
ߦ⵾ㅧߐࠇߚ㑆⍮ࡉࡠ࠶ࠢߩᒝᐲࠍౣ⃻ߔࠆߚ߼㧘ᒰᤨߩ
␜ᣇ㈩วߦㄭ޿㈩วߢ૞⵾ߒߚ⹜㛎૕ߢ޽ࠆޕ߹ߚ㧘㈩ว
ฬ 30Nߩ⹜㛎૕ߪ㧘⃻࿷⵾ㅧߐࠇߡ޿ࠆࡉࡠ࠶ࠢߩ㈩วߩ
৻ߟߢ޽ࠅ㧘Ყセߩߚ߼ߦ૞⵾ߒߚ⹜㛎૕ߢ޽ࠆޕ᧚ᢱߪ㧘
᥉ㅢࡐ࡞࠻࡜ࡦ࠼࠮ࡔࡦ࠻㧘ᚻข↥㛽᧚㧔ᦨᄢኸᴺ 20 
mm㧕㧘㜞ᕈ⢻ᷫ᳓೷ࠍ૶↪ߒߚޕฦ⹜㛎૕ߩ⫳᳇㙃↢ࡄ࠲
࡯ࡦ߅ࠃ߮࿶❗ᒝᐲࠍ Table 14߅ࠃ߮ Table 15ߦ␜ߔޕ 
 (2) ⹜㛎᧦ઙ 
ࡉࡠ࠶ࠢᮨᡆ⹜㛎૕ߩଦㅴ៺⠻⹜㛎ߪ㧘ฯ಴ⵝ⟎ Bߦࠃ
ࠅታᣉߒߚޕ⹜㛎᧦ઙߪ㧘ฯ಴࿶ജࠍ 10 MPaߣߒ㧘ฯ಴
ᵹ㊂ߪ⚂ 0.018 m3/minߢ޽ߞߚޕ2⒳㘃ߩ⹜㛎૕ߩฦ 3૕
㧔⸥ภ 18N-1㨪3㧘30N-1㨪3㧕ߦߟ޿ߡߪ㧘ଦㅴ⹜㛎ᤨ㑆 0㧘
20㧘40㧘60㧘80㧘102 ᤨ㑆ߢ⹜㛎૕ߩ៺⠻ᷓߐࠍ࡟࡯ࠩ࡯
ᄌ૏⸘ߦࠃࠅ᷹ቯߔࠆߣߣ߽ߦ⴫㕙⁁ᴫࠍ౮⌀᠟ᓇߒߚޕ
߹ߚ㧘៺⠻ೋᦼߩ⁁ᴫࠍᛠីߔࠆߚ߼ߦ㧘2 ⒳㘃ߩ⹜㛎૕
ߩฦ 1૕㧔⸥ภ 18N-0㧘30N-0㧕ߦߟ޿ߡߪ㧘0㧘1㧘3㧘6㧘
10㧘15㧘20ᤨ㑆ߢ៺⠻ᷓߐ᷹ቯ߅ࠃ߮౮⌀᠟ᓇࠍታᣉߒߚޕ 
 
b 結果と考察 
(1) ៺⠻․ᕈ 
ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻࠍ Fig. 58 ߦ␜ߔޕᐔဋ៺⠻ᷓ
ߐߢߪ㧘18N ߅ࠃ߮ 30N ߩਔ⹜㛎૕ߣ߽㧘⹜㛎㐿ᆎ߆ࠄ
20 ᤨ㑆⒟ᐲ߹ߢߪ㧘ᕆỗߦ៺⠻ᷓߐ߇Ⴧടߔࠆ߇㧘20 ᤨ
㑆ࠍ⿥߃ࠆߣ៺⠻ᷓߐߩჇട߇ㅛᷫߔࠆߎߣ߇⏕⹺ߐࠇ
ߚޕߎࠇߪ㧘ࠦࡦࠢ࡝࡯࠻⹜㛎૕ߦ߅޿ߡߪ㧘㛽᧚㔺಴ߦ
ࠃࠅ㧘㛽᧚⢛㕙ߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ៺⠻߇ᛥ೙ߐࠇࠆߚ
߼ߢ޽ࠆޕߎߩࠃ߁ߥ៺⠻ㅴⴕㆊ⒟ߪ㧘ᐔဋ៺⠻ㅦᐲ㧔Fig. 
59㧕߆ࠄ߽⏕⹺ߐࠇߚޕ⹜㛎 40 ᤨ㑆એ㒠ߪ㧘ᐔဋ៺⠻ㅦ
ᐲߪૐ޿୯ߢផ⒖ߒ㧘102ᤨ㑆ߢߪ㧘18N⹜㛎૕ߩᐔဋߢ
0.0024 mm/h㧘30N⹜㛎૕ߩᐔဋߢ 0.0025 mm/hߣ߶߷หߓ
⒟ᐲߣߥߞߚޕ৻ᣇ㧘⹜㛎 20 ᤨ㑆એ೨ߢߪ㧘18N ⹜㛎૕
ߩᐔဋ៺⠻ㅦᐲߩᣇ߇⧯ᐓᄢ߈ߥ୯ࠍ␜ߒߚޕߎࠇࠄߩ⚿
ᨐߪ㧘៺⠻⴫㕙ߦ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻߇ሽ࿷ߒߡ޿ࠆ៺⠻ೋ
ᦼߦ߅޿ߡߪ㧘᳓࠮ࡔࡦ࠻Ყߩ⋧㆑ߦࠃࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ
࠻ߩ⠴៺⠻ᕈߩᄢዊ߇៺⠻ㅴⴕߦᓇ㗀ࠍ෸߷ߔ߇㧘៺⠻߇
ㅴⴕߒߡ⴫㕙߇߶߷㛽᧚㔺಴ߩߺߣߥߞߚ៺⠻ਛᦼએ㒠
ߢߪ㧘᳓࠮ࡔࡦ࠻Ყߩ⋧㆑߇៺⠻ㅴⴕߦᓇ㗀ࠍ߶ߣࠎߤ෸
߷ߐߥ޿ߚ߼ߦ↢ߓߚߣ⠨߃ࠄࠇࠆޕ 
Table 13 ࠦࡦࠢ࡝࡯࠻㈩ว 
Mix proportion of concrete specimen 
㈩วฬ ⋡ᮡᒝᐲ (N/mm2) 
᳓࠮ࡔࡦ࠻ 
Ყ 
(%) 
⚦㛽᧚ 
₸ 
(%) 
න૏㊂ (kg/m3) 
᳓ 
W 
࠮ࡔࡦ࠻ 
C 
⚦㛽᧚ 
S 
☻㛽᧚ 
G 
ᷙ๺೷ 
A 
18N 18 70 39.0 165 236 745 1165 3.54 
30N 30 47 39.0 165 351 708 1108 3.51 
Table 14 ⫳᳇㙃↢ࡄ࠲࡯ࡦ 
Steam curing conditions of concrete block specimen 
 ᆎ᷷ ೨⟎߈ ᣹᷷ ᦨ㜞᷷ᐲ ว⸘ 
ᤨ㑆 (h) 㧙 1 2 4 7 
᷷ᐲ (͠) 20 20 20/h 60 㧙 
 
Table 15 ⹜㛎૕ߩ࿶❗ᒝᐲ 
Compressive strength of specimen 
㈩วฬ 
࿶❗ᒝᐲ (N/mm2) 
1ᣣ 7ᣣ 14ᣣ 
18N 11.6 20.7 23.8 
30N 23.2 41.2 43.5 
 
 
Fig. 58 ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ 
Average erosion depth versus test time 
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Fig. 59 ᐔဋ៺⠻ㅦᐲߩ⚻ᤨᄌൻ 
Average erosion rate versus test time 
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 ଦㅴ⹜㛎ߦ߅޿ߡߪ㧘ଦㅴ⹜㛎ᤨ㑆ߣ⃻࿾ߦ߅ߌࠆታᤨ
㑆ߣߩ⋧㑐ࠍ᳞߼ࠆߎߣ߇㊀ⷐߢ޽ࠆ߇㧘⃻࿾ࡉࡠ࠶ࠢߩ
៺⠻ᷓߐ᷹ቯ߇ᧂታᣉߢ޽ࠆߚ߼㧘⋧㑐ߪ᣿ࠄ߆ߣߥߞߡ
޿ߥ޿ޕ⃻࿾ࡉࡠ࠶ࠢߣ⹜㛎૕ߣߩ៺⠻⁁ᴫߩᲧセ଀㧔Fig. 
60㧕߆ࠄߪ㧘ߎߩ⃻࿾ࡉࡠ࠶ࠢ଀ߩᣇ߇㔺಴ߒߚ㛽᧚ߩኒ
ᐲߪ☻ߩࠃ߁ߦ⷗߃㧘៺⠻߇ㅴⴕߒߡ޿ࠆࠃ߁ߦ⷗ࠄࠇ
ߚޕ 
 (2) ផቯ☻ᐲଥᢙ 
⹜㛎 102ᤨ㑆⚻ㆊᓟߩᐔဋ៺⠻ᷓߐߩᄢ߈߆ߞߚ 18N-1
߅ࠃ߮ 30N-2㧘߹ߚ㧘18N-0߅ࠃ߮ 30N-0ߩ 4⹜㛎૕ߦߟ
޿ߡ㧘ᑼ(2)߅ࠃ߮(3)ࠃࠅࡑ࠾ࡦࠣߩ☻ᐲଥᢙࠍផቯߒߚޕ
ផቯ☻ᐲଥᢙߩ⚻ᤨᄌൻࠍ Fig. 61 ߦ␜ߔޕផቯ☻ᐲଥᢙ
߽㧘៺⠻ᷓߐߩ⚻ᤨᄌൻߣห᭽ߦ 20 ᤨ㑆એ㒠ߪჇട߇ㅛ
ᷫߔࠆ௑ะࠍ␜ߒߚޕߎࠇߪ㧘៺⠻ㅴⴕߩㅛᷫߦࠃࠅ㧘⴫
㕙ߩಳಲ⁁ᴫߦᄢ߈ߥᄌൻ߇↢ߓߥ޿ߎߣ߇ේ࿃ߢ޽ࠆ
ߣ⠨߃ࠄࠇࠆޕ⹜㛎 102ᤨ㑆ᓟߩផቯ☻ᐲଥᢙߪ㧘18N⹜
㛎૕ߢ 0.0156㧘30N⹜㛎૕ߢ 0.0145ߢ޽ߞߚޕ 
 
７ カルシウム溶脱試験体の摩耗特性 
ㄘᬺ↪᳓〝ߥߤߩㄘᬺ᳓೑ᣉ⸳ߦ߅޿ߡߪ㧘㐳ᦼ㑆ߦࠊ
ߚࠆ᳓ߣߩធ⸅ߦࠃࠅ㧘ࠦࡦࠢ࡝࡯࠻ㇱ᧚ߩࠞ࡞ࠪ࠙ࡓ
㧔એਅ㧘Ca㧕ṁ⣕߇ㅴⴕߒ㧘ࠦࡦࠢ࡝࡯࠻⴫ጀ߇ᄌ⾰ߒߡ
޿ࠆߎߣ߇ႎ๔ߐࠇߡ޿ࠆ㧔⍹␹ࠄ㧘2005㧧᫪ࠄ㧘2009㧕ޕ
⴫ጀߩᄌ⾰߇߽ߚࠄߔ᳓๺⚵❱ߩ⣀ᒙൻߪ㧘៺⠻ߩଦㅴ
߿㧘⵬ୃᎿᴺߦ߅޿ߡ᧚ᢱ߇ⷐ᳞ߐࠇࠆઃ⌕ᒝᐲߩૐਅߥ
ߤߩ໧㗴ߩਥⷐ࿃ߣߥߞߡ޿ࠆน⢻ᕈ߇޽ࠆޕᣢሽߩㄘᬺ
᳓೑ᣉ⸳ࠬ࠻࠶ࠢ߇᦭ߔࠆᕈ⢻ࠍ੹ᓟ߽ᜬ⛯⊛ߦ⛽ᜬߒ
ߡ޿ߊߚ߼ߩࠬ࠻࠶ࠢࡑࡀࠫࡔࡦ࠻ߩขࠅ⚵ߺߦ߅޿ߡ
ߪ㧘Ca ṁ⣕߇ㄘᬺ᳓೑ᣉ⸳ߩഠൻߦ෸߷ߔᓇ㗀ࠍ⹏ଔߔ
ࠆߎߣ߇ᔅⷐߣߥࠆޕ 
ᧄ▵ߢߪ㧘ㄘᬺ↪᳓〝ߥߤߢ↢ߓߡ޿ࠆߣផ᷹ߐࠇࠆ
Ca ṁ⣕ߣ៺⠻ߣߩⶄวഠൻߩ⃻⽎ᛠីࠍ⋡⊛ߣߒߡ㧘Ca
ṁ⣕ߒߚࡍ࡯ࠬ࠻⎬ൻ૕ߩ⠴៺⠻ᕈߩૐਅߦߟ޿ߡᛠី
ߔࠆߣߣ߽ߦ㧘៺⠻ଦㅴ⹜㛎ࠍ↪޿ߚ Ca ṁ⣕㗔ၞߩജቇ
⊛․ᕈߩᄌൻࠍ᷹ቯߔࠆᚻᴺߦߟ޿ߡᬌ⸛ߒߚ⚿ᨐߦߟ
޿ߡㅀߴࠆޕ 
 
a 試験方法 
(1) ⹜㛎૕ 
⹜㛎૕ߪ㧘᥉ㅢࡐ࡞࠻࡜ࡦ࠼࠮ࡔࡦ࠻ࠍ↪޿ߚࡍ࡯ࠬ࠻
⎬ൻ૕ߣߒ㧘᳓࠮ࡔࡦ࠻Ყߪ㧘40㧘50㧘60%ߩ 3⒳ߩ㈩ว
ߣߒߚޕ⹜㛎૕ߪ㧘ౝኸᴺ 707020 mmߩဳᨒߦᛂ⸳ߒ㧘
᧚㦂 1ᣣߢ⣕ဳߒߚᓟߦ 20͠ߢ᳓ਛ㙃↢ߒ㧘᧚㦂 28ᣣߢ
ṁ⣕ଦㅴ⹜㛎ࠍ㐿ᆎߒߚޕ 
(2) Caṁ⣕ଦㅴ⹜㛎 
࠮ࡔࡦ࠻♽᧚ᢱ߆ࠄߩ Ca ṁ⣕ࠍଦㅴߔࠆ⹜㛎ߦߪ㧘ᶐ
ẃᴺ㧘ㅢ᳓ᴺ㧘㔚᳇⊛ଦㅴᴺߩᄢ߈ߊ 3⒳ߩᣇᴺ߇޽ࠆޕ
ᶐẃᴺߪ⹜㛎૕ࠍࠗࠝࡦ੤឵᳓ߥߤߩ૞↪᳓ߦᶐߔᣇᴺ
ߢ޽ࠅ㧘ㅢ᳓ᴺߪ⹜㛎૕ߦ㜞࿶ߢࠗࠝࡦ੤឵᳓ࠍᒝ೙⊛ߦ
ㅢ᳓ߔࠆᣇᴺߢ޽ࠆޕ߹ߚ㧘㔚᳇⊛ଦㅴᴺߪ㧘⹜㛎૕ߦࠃ
ߞߡಽഀߐࠇߚࠗࠝࡦ੤឵᳓ࠍḩߚߒߚ᳓ᮏߩਔ஥ߦ㔚
૏൨㈩ࠍਈ߃ߡ㧘ࠞ ࠰࡯࠼஥ߦ Ca2+ߥߤߩ㓁ࠗࠝࡦࠍᒝ೙
⊛ߦ⒖േߐߖࠆᣇᴺߢ޽ࠆޕߎߎߢߪ㧘ଦㅴㅦᐲߩᄢ߈ߥ
㔚᳇⊛ଦㅴᴺࠍㆬቯߒߚޕ㔚᳇⊛ଦㅴᴺߢᓧࠄࠇࠆᄌ⾰⹜
㛎૕ߪ㧘ᶐẃᴺߦࠃߞߡᓧࠄࠇࠆᄌ⾰⹜㛎૕ߣ߶߷ห᭽ߢ
޽ࠅ㧔ᢧ⮮㧘1993㧧የญࠄ㧘2001㧕㧘‛ᕈ⹏ଔߦଏߔࠆߚ
߼ߩᄌ⾰⹜㛎૕ࠍ౉ᚻߔࠆᣇᴺߣߒߡ᦭ലߣ⠨߃ࠄࠇߡ
޿ࠆ㧔ጊᧄࠄ㧘2002㧕ޕ㔚᳇⊛ଦㅴᴺߢ޽ࠆṁ⣕ଦㅴ⹜㛎
ߩ᭎ⷐࠍ Fig. 62 ߦ␜ߔޕⵝ⟎ߪ㧘᳓ᮏ㧘᳓ᮏౝߦ⹜㛎૕
ࠍ⸳⟎ߔࠆߚ߼ߩ઀ಾࠅ᧼㧘ࠬ࠹ࡦ࡟ࠬࡔ࠶ࠪࡘ㔚ᭂ㧘ቯ
㔚࿶㔚Ḯⵝ⟎߅ࠃ߮ࠗࠝࡦ੤឵᳓߆ࠄ᭴ᚑߐࠇࠆޕ઀ಾࠅ
᧼ߦߪ㧘 9 ▎ᚲߩ⽾ㅢሹ㧔7272 mm㧕߇޽ࠅ㧘ߘߩਛߦ
⹜㛎૕ࠍ 7070 mmߩဳᨒ㕙߇ Caṁ⣕㕙ߣߥࠆࠃ߁ߦ㕖
ዉ㔚ᕈߩࠪ࡝ࠦ࡯ࡦߢ⸳⟎ߒߚޕ᳓ᮏౝࠍࠗࠝࡦ੤឵᳓ߢ
ḩߚߒ㧘㔚ᭂ㑆ߦቯ㔚࿶ࠍ૞↪ߐߖߡ Ca ṁ⣕ࠍଦㅴߐߖ
 
      (a)⃻࿾ࡉࡠ࠶ࠢ      (b)ଦㅴ៺⠻⹜㛎ᓟ㧔102 h㧕 
              ߩ⹜㛎૕ 
Fig. 60 ៺⠻⁁ᴫߩᲧセ 
Comparison of erosion state of surface at an actual canal and at the 
specimen after accelerated erosion test (102h) 
 
Fig. 61 ផቯ☻ᐲଥᢙߩ⚻ᤨᄌൻ 
Estimated roughness coefficient versus test time 
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Fig. 62 ṁ⣕ଦㅴ⹜㛎ߩ᭎ⷐ 
Overview of accelerated Ca leaching test 
 
ࠗオン
੤឵水
定㔚圧㔚Ḯ装置
試験体
ス࠹ンレス
メッシュ
㔚ᭂ
仕切り板
(a) 試験装置の概要
(b) 仕切り板に設置した試験体
(c) 試験状況
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 ࠆޕ 
ቯ㔚࿶ߪ 60 Vߣߒ㧘㔚ᭂ㑆ߢ 0.273 V/mmߩ㔚૏൨㈩ߣ
ߒߚޕ⹜㛎ᤨ㑆ߪ 28ᣣߣߒ㧘1ㅳ㑆ߦ 1࿁ࠍ⋡ಣߦࠗࠝࡦ
੤឵᳓ࠍో㊂੤឵ߒߚޕ 
 (3) ៺⠻ଦㅴ⹜㛎 
28 ᣣߩṁ⣕ଦㅴ⹜㛎ࠍ⚳ੌߒߚ⹜㛎૕ࠍฯ಴ⵝ⟎ B ߦ
ࠃࠅ㧘៺⠻ଦㅴ⹜㛎ࠍታᣉߒߚޕߥ߅㧘Ყセߩߚ߼㧘ᛂ⸳
ᓟ 56 ᣣ᳓ਛ㙃↢ߒߚᧂṁ⣕ߩฦ᳓࠮ࡔࡦ࠻Ყߩ⹜㛎૕߽
หᤨߦ⹜㛎ߒߚޕฯ಴࿶ജߪ 10 MPaߣߒ㧘⹜㛎ᤨ㑆ߪ 102
ᤨ㑆ߣߒߚޕ 
⹜㛎૕ߩ៺⠻⁁ᴫߣ⸘᷹߅ࠃ߮⹜㛎 ណข૏⟎ࠍ Fig. 
63ߦ␜ߔޕ៺⠻㊂ߪ㧘࡟࡯ࠩ࡯ᄌ૏⸘ߦࠃࠅ⹜㛎૕ߩ៺⠻
ᷓߐࠍ⸘᷹ߒߚޕ⸘᷹ߪ㧘⚥Ⓧ⹜㛎ᤨ㑆ߢ㧘0㧘10㧘20㧘
30 ಽ㧘1㧘1.5㧘2㧘2.5㧘3㧘3.5㧘4㧘5㧘10㧘20㧘40㧘60㧘
80㧘102ᤨ㑆ߩ⸘ 18࿁ታᣉߒߚޕ⹜㛎㐿ᆎᓟߪ㧘਄ㅀߩ⚥
Ⓧ⹜㛎ᤨ㑆ߦ߅޿ߡ⹜㛎ࠍ஗ᱛߒ㧘⹜㛎૕ࠍ⹜㛎ᯏ߆ࠄข
ࠅᄖߒߡ⸘᷹ߒߚޕ⹜㛎૕ᱜ㕙ߩਔ஥ߦߪ㧘᳓ྃᵹߩⴣ⓭
ߒߥ޿᏷ 10 mm⒟ᐲߩ㗔 㧔ၞએਅ㧘ή៺⠻㗔ၞ㧕߇⸳ቯߐ
ࠇߡ߅ࠅ㧘ߎߩ㗔ၞߦ߅޿ߡ៺⠻ߪㅴⴕߒߥ޿ޕߎߩ៺⠻
ㅴⴕߩή޿⹜㛎૕ਔ஥ߩ⴫㕙ࠍ⋥✢ߢ⚿ࠎߢၮḰ૏⟎ߣ
ߒ㧘ߘߎ߆ࠄ៺⠻㕙߹ߢߩ〒㔌ࠍ៺⠻ᷓߐߣߒߚޕ៺⠻ᷓ
ߐߪ㧘⹜㛎૕ᱜ㕙ߩਛᔃㇱ 40 mm྾ᣇࠍኻ⽎ߣߒߡ㧘5 mm
㑆㓒ߢ 9ᧄߩ⿛ᩏ࡜ࠗࡦࠍ⸳ቯߒ㧘ฦ⿛ᩏ࡜ࠗࡦ਄ߢߪ㧘
1 mm㑆㓒ߢ 41ὐ⸘᷹ߒߚޕߘߒߡ㧘369ὐ㧔41ὐ9ᧄ㧕
ߩ⸘᷹୯ߩᐔဋ୯ࠍฦ⚥Ⓧ⹜㛎ᤨ㑆ߦ߅ߌࠆᐔဋ៺⠻ᷓ
ߐߣߒߚޕ 
 (4) ర⚛ಽᨆ 
⹜㛎૕ߩర⚛ಽᨆߪ㧘ࠛ ࡀ࡞ࠡ࡯ಽᢔဳ⿛ᩏဳ㔚ሶ㗼ᓸ
㏜㧔SEM-EDS㧕ߦߡಽᨆߒߚޕ૶↪ߒߚᯏེߪ㧘ᣣᧄ㔚ሶ
JSM-5600LV߅ࠃ߮ JED-2200ߢ޽ࠆޕ 
᳓ྃᵹ៺⠻⹜㛎ࠍ⚳ੌߒߚ⹜㛎૕ߦ߅޿ߡ㧘ή៺⠻㗔ၞ
߆ࠄ⹜㛎 㧔70205 mm㧕ࠍಾࠅ಴ߒ㧘ߘࠇࠍߐࠄߦಾ
ᢿߒߡ SEM-EDS ↪⹜㛎 㧔20205 mm ⒟ᐲ㧕ࠍ૞⵾
ߒߚޕಽᨆ㕙ߦߪ೨ಣℂߣߒߡ㊄ࠍ⫳⌕ߒߚޕಽᨆߪ㧘⹜
㛎૕ߩੑᰴర⊛ߥర⚛ಽᏓࠍᛠីߔࠆߚ߼㕙ಽᨆࠍታᣉ
ߒߚޕ㕙ಽᨆߪ㧘⹜㛎 ߩṁ⣕ᷓߐᣇะߦ⚂ 3.6 mm㧘ᷓ ߐ
ᣇะߣု⋥ᣇะ㧔એਅ㧘⴫㕙ᣇะ㧕ߦ⚂ 2.8 mmߩ⍱ᒻ㗔
ၞࠍಽᨆኻ⽎ߣߒߚޕಽᨆߪ㧘Ca㧘Si㧘S㧘Al㧘C㧘Cl㧘Fe㧘
K㧘Mg㧘Mn㧘Na㧘O㧘Pߩ 13⒳ߩర⚛ࠍㆬቯߒߡታᣉߒ
ߚޕ 
(5) ࡆ࠶ࠞ࡯ࠬ⎬ߐ⹜㛎 
ࡆ࠶ࠞ࡯ࠬ⎬ߐߪ㧘ᓸዊ⎬ᐲ⸘㧔ፉᵤᓸዊ⎬ᐲ⸘Mဳ㧕
ࠍ↪޿ߡ᷹ቯߒߚޕ⹜㛎ജߪ 2.942 N㧘⹜㛎ജߩ଻ᜬᤨ㑆
ߪ 15⑽㑆ߣߒߚޕࡆ࠶ࠞ࡯ࠬ⎬ߐߩ▚಴ߪᰴᑼߦࠃࠆޕ 
  (8) 
  ߎߎߦ㧘HV㧦ࡆ࠶ࠞ࡯ࠬ⎬ߐ㧘F㧦⹜㛎ജ㧔N㧕㧘dv㧦ߊ
߷ߺߩኻⷺ✢㐳ߐߩᐔဋ୯㧔mm㧕ߢ޽ࠆޕ 
⹜㛎ߪ㧘᳓ྃᵹ៺⠻⹜㛎ࠍ⚳ੌߒߚ⹜㛎૕߆ࠄಾࠅ಴ߐ
ࠇߚ SEM-EDS↪⹜㛎 ߩᱷࠅࠍ⹜㛎 ߣߒ㧘ṁ⣕ᷓߐᣇ
ะߩᢿ㕙ࠍ⎇⏴ߒߚᓟ㧘ṁ⣕⴫㕙߆ࠄ 1㧘2㧘3㧘4㧘5㧘7㧘
10 mmߦ߅޿ߡࡆ࠶ࠞ࡯ࠬ⎬ߐࠍฦ 10ὐ⸘᷹ߒߚޕ 
 
b 結果と考察 
(1) ៺⠻․ᕈ 
ฦ᳓࠮ࡔࡦ࠻Ყߩṁ⣕⹜㛎૕ߣᧂṁ⣕⹜㛎૕ߩ⹜㛎ᤨ
㑆ߣᐔဋ៺⠻ᷓߐߣߩ㑐ଥࠍ Fig. 64ߦ␜ߔޕߎߩ࿑ࠃࠅ㧘
޿ߕࠇߩ᳓࠮ࡔࡦ࠻Ყߦ߅޿ߡ߽ṁ⣕⹜㛎૕ߪ㧘៺⠻⹜㛎
ೋᦼߩ 10ಽ㨪2ᤨ㑆ߦ߅޿ߡ㧘ᕆỗߦ៺⠻ᷓߐ߇Ⴧᄢߒ㧘
ߘߩᓟߪ៺⠻ᷓߐߩჇᄢߪẋᰴૐᷫߒ㧘2㨪4ᤨ㑆એ㒠ߪ⋥
✢⊛ߦ៺⠻ᷓߐ߇Ⴧടߔࠆߎߣ߇᣿ࠄ߆ߣߥߞߚޕ߹ߚ㧘
៺⠻ೋᦼߩ៺⠻ᷓߐߩჇᄢߩ⒟ᐲߪ㧘᳓࠮ࡔࡦ࠻Ყߦࠃࠅ
⋧㆑ߒ㧘᳓࠮ࡔࡦ࠻Ყ߇ᄢ߈޿⒟ߘߩ⒟ᐲ߇ᄢ߈߆ߞߚޕ
ߎࠇߦኻߒߡ㧘ᧂṁ⣕⹜㛎૕ߦ߅޿ߡߪ㧘៺⠻ೋᦼ߆ࠄ৻
⽾ߒߡ߶߷⋥✢⊛ߥჇട௑ะࠍ␜ߒߚޕ߹ߚ㧘⹜㛎ᤨ㑆 10
ᤨ㑆એ㒠ߩฦ᳓࠮ࡔࡦ࠻Ყߩṁ⣕⹜㛎૕ߣᧂṁ⣕⹜㛎૕
ߣߩ៺⠻ᷓߐߩჇട₸㧔࿑ਛߩ⋥✢ߩ൨㈩ߢ៺⠻ㅦᐲࠍ⴫
ߔ㧕ߪ㧘߶߷ห⒟ᐲߣߥߞߡ޿ߚޕ 
៺⠻ᷓߐߣ៺⠻ㅦᐲߣߩ㑐ଥࠍ Fig. 65 ߦ␜ߔޕߎߩ࿑
ࠃࠅ㧘ฦṁ⣕⹜㛎૕ߩ៺⠻ㅦᐲߪ⴫㕙ઃㄭߦ߅޿ߡᄢ߈
ߊ㧘៺⠻ᷓߐ߇ᷓߊߥࠆ⒟㧘៺⠻ㅦᐲߪᕆỗߦૐਅߒ㧘⚂
 
Fig. 63 ⹜㛎૕ߩ៺⠻⁁ᴫߣ⸘᷹߅ࠃ߮⹜㛎 ណข૏⟎ 
Overview of eroded state, erosion depth measurement position and 
collection position of specimen for SEM-EDS 
 
Fig. 64 ⹜㛎ᤨ㑆ߣᐔဋ៺⠻ᷓߐߣߩ㑐ଥ 
㧔Ꮐ਄࿑ߪ㧘⹜㛎ᤨ㑆 10ᤨ㑆߹ߢߩ᜛ᄢ⴫␜㧕 
Average erosion depth versus test time 
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 2㨪3 mmએᷓߪ߶߷৻ቯߣߥࠆߎߣ߇␜ߐࠇߚޕ߹ߚ㧘ṁ
⣕⹜㛎૕ߩ 3 mmએᷓߦ߅޿ߡߪ㧘ᧂṁ⣕⹜㛎૕ߣߩ៺⠻
ㅦᐲ߇ห⒟ᐲߢ޽ߞߚޕ 
Fig. 66ߦฦṁ⣕⹜㛎૕ߩ 3 mmએᷓߩ៺⠻ㅦᐲߩᐔဋ୯
ࠍၮḰߣߒߚᤨߩฦ៺⠻ᷓߐߦ߅ߌࠆ៺⠻ㅦᐲᲧࠍ␜ߔޕ
᳓࠮ࡔࡦ࠻Ყ 40㧘50㧘60%ߩฦ⹜㛎૕ߩ⴫ጀઃㄭߩ៺⠻ㅦ
ᐲᲧߪ㧘ฦޘ19.4୚㧘20.1୚㧘27.6୚ߣߥࠅ㧘3 mmએᷓ
ߦᲧߴߡ߆ߥࠅᄢ߈ߥ៺⠻ㅦᐲߢ޽ࠆߎߣ߇␜ߐࠇߚޕߒ
߆ߒ㧘៺⠻ᷓߐ߇ᷓߊߥࠆߦߒߚ߇޿㧘៺⠻ㅦᐲᲧ߽ૐਅ
ߒ㧘3 mmᷓઃㄭߢ⚂ 1୚ߣߥߞߚޕ 
એ਄ߩ⚿ᨐࠃࠅ㧘ṁ⣕⹜㛎૕ߦ߅޿ߡߪ⴫㕙߆ࠄᷓߐ 3 
mm⒟ᐲߦ⠴៺⠻ᕈߩ⇣ߥࠆ㗔ၞߩႺ⇇߇޽ࠅ㧘ᧂṁ⣕⹜
㛎૕ߣᲧセߒߚ႐ว㧘3 mmએᵻߢߪ⠴៺⠻ᕈ߇ૐߊ㧘3 mm
એᷓߢߪห╬ߩ⠴៺⠻ᕈࠍ᦭ߒߡ޿ࠆߎߣ߇␜ߐࠇߚޕߎ
ߩߎߣ߆ࠄ㧘ṁ⣕⹜㛎ߦࠃࠅ⹜㛎૕⴫ጀㇱ 3 mmએᵻ߇⣀
ᒙൻߒߚ᭴ㅧߣߥࠅജቇ⊛․ᕈ߇ᄌൻߒ㧘⠴៺⠻ᕈߩૐਅ
ࠍ↢ߓߐߖߚߣផ᷹ߐࠇߚޕ߹ߚ㧘⠴៺⠻ᕈૐਅߩ⒟ᐲ߇
⴫㕙ઃㄭߢ៺⠻ㅦᐲᲧ 19.4㨪27.6୚⒟ᐲߣᭂ┵ߦૐਅߒߡ
޿ࠆ߽ߩߩ㧘ᷓ ߊߥࠆߦߒߚ߇޿៺⠻ㅦᐲᲧ߽ዊߐߊߥࠆ
ߎߣ߆ࠄ㧘⠴៺⠻ᕈૐਅߩ㗔ၞߦ߅޿ߡ߽⣀ᒙ᭴ㅧߪ৻᭽
ߢߪߥߊ㧘ᷓߐᣇะߦᄌൻߒߡ޿ࠆߎߣ߇␜ໂߐࠇߚޕ 
ߥ߅㧘ߎߩ⠴៺⠻ᕈૐਅ㗔ၞߦ߅޿ߡߪ㧘៺⠻ଦㅴ⹜㛎
ߩ⸘᷹ᤨ㑆ߩ㑆㓒ࠍዊߐߊߔࠆߎߣߢ㧘⠴៺⠻ᕈߩࠃࠅ⹦
⚦ߥᷓߐᣇะࡊࡠࡈࠔࠗ࡞߇ᓧࠄࠇࠆน⢻ᕈࠍ␜ߒߡ߅
ࠅ㧘ᧄ⎇ⓥߢ↪޿ߚ᳓ྃᵹ៺⠻⹜㛎߇ജቇ⊛․ᕈߩᄌൻࠍ
᷹ቯߔࠆ৻ߟߩᚻᴺߣߒߡ᦭↪ߢ޽ࠆߣ್ᢿߐࠇߚޕ 
(2) ṁ⣕⹜㛎૕ߦ߅ߌࠆ Caṁ⣕㗔ၞ 
SEM-EDSߦࠃࠆ㕙ಽᨆߩ⚿ᨐߢ޽ࠆ Ca㧘Siߩ․ᕈ X✢
ᒝᐲಽᏓࠍ Fig. 67 ߦ␜ߔޕ޿ߕࠇߩ᳓࠮ࡔࡦ࠻Ყߦ߅޿
ߡ߽⴫ጀ߆ࠄ 2 mm⒟ᐲઃㄭߦ Caᒝᐲߩ⋧㆑ߔࠆ㗔ၞߩ
 
Fig. 65 ៺⠻ᷓߐߣ៺⠻ㅦᐲߣߩ㑐ଥ 
Erosion rate versus erosion depth 
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Fig. 66 ៺⠻ᷓߐߣ៺⠻ㅦᐲᲧߣߩ㑐ଥ 
Erosion rate ratio versus erosion depth 
0 2 4 6 8
0
5
10
15
20
25
30
៺⠻ᷓߐ (mm)
៺
⠻
ㅦ
ᐲ
Ყ
W/C40㧔ṁ⣕㧕
W/C50㧔ṁ⣕㧕
W/C60㧔ṁ⣕㧕
   
W/C = 40 %                 W/C = 50 %                 W/C = 60 % 
   
W/C = 40 %                 W/C = 50 %                 W/C = 60 % 
Fig. 67 ṁ⣕⹜㛎૕ߦ߅ߌࠆ Ca㧘Siߩ․ᕈ X✢ᒝᐲ(cps)ಽᏓ 
㧔࿑ਛߩᏀㄝ߇ṁ⣕⴫㕙ߢ㧘ฝㄝ஥ߦะߌߡᷓߐᣇะߣߥࠆޕฦ࿑ߩᏀ஥ࠞ࡜࡯ࡃ࡯ߪ਄ㇱ߶ߤ㜞ᒝᐲࠍ␜ߒ㧘ฦర⚛ߩỚᐲ߇㜞
޿ߎߣࠍ⴫ߔޕర⚛⸥ภ஥ߩ Kߪ․ᕈ X✢ߩ K♽೉ࠍ␜ߔޕ㧕 
Characteristic X-ray intensity distribution of Ca and Si in Ca leached specimens 
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８ 補修材料の摩耗特性および推定粗度係数 
㐿᳓〝ߦ߅޿ߡߪ㧘᳓〝ゎ૕ߦ⵬ୃ᧚ᢱࠍᣉᎿߒߡㅢ᳓
ᕈ߿᳓ኒᕈߩᯏ⢻࿁ᓳࠍ࿑ࠆ⵬ୃ߇ታᣉߐࠇߡ޿ࠆޕ⵬ୃ
ᓟೋᦼߩㅢ᳓ᕈߦߟ޿ߡߪ㧘᧚ᢱߩ☻ᐲଥᢙ⹜㛎ߦࠃࠅផ
ቯߔࠆߎߣߪน⢻ߢ޽ࠆ߇㧘㐳ᦼଏ↪ߐࠇ㧘៺⠻߇ㅴⴕߒ
ߚ႐วߩ☻ᐲଥᢙߦߟ޿ߡߪផቯߢ߈ߕ㧘㐳ᦼ⊛ߥㅢ᳓ᕈ
⢻ߩᾖᩏߩⷰὐ߆ࠄ⺖㗴ߣߥߞߡ޿ࠆ㧔Fig. 70㧕ޕᧄ▵ߢ
Table 16 ฦ⹜㛎૕ߩផቯᄌ⾰ᷓߐ 
Estimated chemical alteration depth from specimen surface 
ផቯၮ࠺࡯࠲ 
ផቯᄌ⾰ᷓߐ (mm) 
W/C40 W/C50 W/C60 
㕙ಽᨆ㧔Caᜰᮡ㧕 2.06 1.93 1.86 
៺⠻ㅦᐲᲧ 2.10 2.41 2.43 
 
Fig. 68 ࡆ࠶ࠞ࡯ࠬ⎬ߐ㧔ᐔဋ୯rᮡḰ஍Ꮕ㧕 
Vickers hardness versus the depth from surface 
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Fig. 69 ៺⠻ㅦᐲᲧߩᦨዊὐઃㄭ 
Erosion rate ratio versus erosion depth near the minimum point 
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(a)⵬ୃᣉᎿ⋥ᓟߩ᳓〝஥ო   (b)⵬ୃᓟଏ↪ਛߩ᳓〝஥ო 
Fig. 70 ⵬ୃ᧚ߩ⴫㕙⁁ᴫ 
Surface states of repair materials. (a) Canal sidewall after repair 
construction, (b) canal sidewall after 1 year. 
᣿⍎ߥႺ⇇߇ሽ࿷ߔࠆߎߣ߇್᣿ߒߚޕߘߩႺ⇇એᵻߢߪ
Ca ᒝᐲ߇ૐߊ㧘Ⴚ⇇એᷓߢߪ Ca ᒝᐲ߇㜞޿ޕCa ᒝᐲߩ
ૐ޿㗔ၞߪ㧘ṁ⣕⹜㛎ߦ߅޿ߡ Ca ߇ṁ⣕ߒߚ㗔ၞߣ್ᢿ
ߐࠇߚޕߚߛߒ㧘Fig. 61ߦ⷗ࠄࠇߚࠃ߁ߦ Caṁ⣕㗔ၞౝ
ߦ߅ߌࠆ⠴៺⠻ᕈߪᷓߐᣇะߦ৻᭽ߢߪߥߊ㧘ᰴ╙ߦᄢ߈
ߊߥߞߡ޿ࠆߣ⠨߃ࠄࠇࠆ߇㧘Fig. 67ߩ CaᒝᐲಽᏓ߆ࠄ
ߪൻቇ⊛ᄌ⾰ߩ᣿⏕ߥ⋧㆑ߪ⺒ߺขࠇߥ߆ߞߚޕߎߩߚ߼
ߦߪ㧘Ca/Si ࡕ࡞Ყߥߤߩቯ㊂⊛ߥᜰᮡࠍ᳞߼ࠆᔅⷐ߇޽
ࠆߣ⠨߃ࠄࠇߚޕ 
 (3) ṁ⣕⹜㛎૕ߦ߅ߌࠆ SiߩಽᏓ 
Fig. 67ߦ߅ߌࠆ Siߩ․ᕈ X✢ᒝᐲಽᏓߪ㧘Caߣ߶߷ኻ
ᾖ⊛ߥ᭽⋧ࠍ๒ߒߚޕߟ߹ࠅ㧘Ca ߩᒝᐲ߇ૐ޿㗔ၞߦ߅
޿ߡߪ Siߩᒝᐲ߇㜞ߊ㧘ㅒߦ㧘Caߩᒝᐲ߇㜞޿㗔ၞߢߪ
Si ߩᒝᐲ߇ૐߊߥߞߚޕߎߩࠃ߁ߥ Si ߩಽᏓ߇↢ߓߚℂ
↱ߦߟ޿ߡߪ㧘⃻ᤨὐߢߪਇ᣿ߢ޽ࠆޕ⧐⾐ࠄ㧔2002㧕ߪ㧘
ࡍ࡯ࠬ࠻⎬ൻ૕ߦኻߔࠆ㆙ᔃജࠍ೑↪ߒߚㅢ᳓⹜㛎ࠍⴕ
޿㧘SiO2ߩỚᐲ߇ೋᦼߦᲧセߒߡᄌ⾰ㇱಽߢ㜞ߊߥߞߚේ
࿃ߣߒߡ㧘Ca(OH)2 ߩṁ಴ߦࠃࠆ⋧ኻ⊛ߥỚᐲ਄᣹߆㧘
Ca/Si Ყ߇ᄌൻߒߚߎߣߦࠃࠅ C-S-H ࠥ࡞ߩṁ⸃ᐲ߇ᄌൻ
ߒ㧘ߘࠇߦ઻߁ᶧ⋧ߩ Si ߇ᨆ಴ߒߚ߽ߩߢߪߥ޿߆ߣᜰ
៰ߒߡ޿ࠆޕ੹ᓟ㧘X ✢࿁᛬ಽᨆࠍ↪޿ߡ㧘ห㗔ၞߩ Si
ߩ⁁ᘒߦߟ޿ߡ⸃᣿ߔࠆᔅⷐ߇޽ࠆޕ 
(4) ṁ⣕⹜㛎૕ߩᄌ⾰ᷓߐߩផቯ 
Table 16ߦ㕙ಽᨆ߅ࠃ߮៺⠻ㅦᐲᲧ߆ࠄផቯߒߚᄌ⾰ᷓ
ߐࠍ␜ߔޕ㕙ಽᨆߢߪ㧘Fig. 67ߩ CaᒝᐲಽᏓࠍၮߦᒝᐲ
ߩႺ⇇ࠍ⋡ⷞߢㆬቯߒ㧘SEM-EDSߢߘߩ〒㔌ࠍ⸘᷹ߒߚޕ
߹ߚ㧘Fig. 66ߩ៺⠻ㅦᐲᲧߢߪ㧘ㅦᐲᲧ߇ೋ߼ߡ 1ߣߥࠆ
૏⟎ࠍ⵬㑆ߒߡ᳞߼ᄌ⾰ᷓߐߣߒߚޕ៺⠻ㅦᐲᲧ߆ࠄ᳞߼
ߚផቯᄌ⾰ᷓߐߪ㕙ಽᨆ߆ࠄ᳞߼ߚផቯᄌ⾰ᷓߐࠍ⧯ᐓ
਄࿁ߞߡ޿ߚ߽ߩߩ߶߷ห╬ߣ್ᢿߒߚޕߎߩߚ߼㧘៺⠻
ㅦᐲᲧߩᄢ߈ߥ㗔ၞߪ㧘Ca ṁ⣕ߦࠃࠆ⣀ᒙൻߒߚ㗔ၞߢ
޽ࠆߣ್ᢿߐࠇߚޕߥ߅㧘ផቯߐࠇߚᄌ⾰ᷓߐߪ㧘ฦ᳓࠮
ࡔࡦ࠻Ყߢห⒟ᐲߢ޽ࠅ㧘᳓࠮ࡔࡦ࠻Ყߩ⋧㆑ߦࠃࠆṁ⣕
㗔ၞᷓߐߩ௑ะߪ⷗ࠄࠇߥ߆ߞߚޕ 
 (5) ࡆ࠶ࠞ࡯ࠬ⎬ߐ 
ฦṁ⣕⹜㛎૕ߦ߅ߌࠆᷓߐᣇะߩࡆ࠶ࠞ࡯ࠬ⎬ߐࠍ Fig. 
68 ߦ␜ߔޕ᳓࠮ࡔࡦ࠻Ყ 40%߅ࠃ߮ 50%ߦߟ޿ߡߪ㧘⴫
㕙߆ࠄߩᷓߐ 3 mm߅ࠃ߮ 2 mmߦ߅޿ߡࡆ࠶ࠞ࡯ࠬ⎬ߐ
ߩࡇ࡯ࠢࠍ᦭ߒ㧘ࡇ࡯ࠢ߆ࠄ⴫ጀ஥߅ࠃ߮ᷓߐᣇะ஥ߦࡆ
࠶ࠞ࡯ࠬ⎬ߐ߇ዊߐߊߥࠆᒻ⁁ࠍ␜ߒߡ޿ࠆޕ᳓࠮ࡔࡦ࠻
Ყ 60%ߦߟ޿ߡߪߎࠇࠄߣ⧯ᐓ⇣ߥࠅ㧘หߓࠃ߁ߦ⴫㕙߆
ࠄ 3 mmߦࡇ࡯ࠢࠍ᦭ߒ㧘⴫ጀ஥߅ࠃ߮ᷓߐᣇะ஥ߦࡆ࠶
ࠞ࡯ࠬ⎬ߐ߇ዊߐߊߥࠆ߽ߩߩ㧘ㅜਛߢᄢ߈ߊߥࠆᒻ⁁߇
␜ߐࠇߡ޿ࠆޕᲧセߩߚ߼ߦ㧘Fig. 66ߩ៺⠻ㅦᐲᲧߩᦨዊ
ὐઃㄭߩ᜛ᄢ࿑ࠍ Fig. 69ߦ␜ߔޕ៺⠻ᷓߐ 2.2㨪2.7 mmઃ
ㄭߦ߅޿ߡ㧘ᧂṁ⣕㗔ၞࠃࠅ߽៺⠻ㅦᐲᲧ߇ዊߐߊߥߞߡ
߅ࠅ㧘⠴៺⠻ᕈߩ㜞޿㗔ၞ߇ሽ࿷ߔࠆߣ⠨߃ࠄࠇࠆޕߎࠇ
ࠄߩ⚿ᨐࠃࠅ㧘ṁ⣕㗔ၞߣᧂṁ⣕㗔ၞߣߩႺ⇇ઃㄭߦ߅޿
ߡജቇ⊛․ᕈߩ․⇣ߥ㗔ၞ߇ሽ࿷ߔࠆน⢻ᕈ߇␜ໂߐࠇ
ߚޕ 
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 ߪ㧘⵬ୃ᧚ᢱࠍ↪޿ߡଦㅴ៺⠻⹜㛎ࠍታᣉߒ㧘⠴៺⠻ᕈ߅
ࠃ߮⴫㕙ᒻ⁁߆ࠄផቯߒߚ☻ᐲଥᢙߦߟ޿ߡᬌ⸛ߒߚޕ 
 
a 試験方法 
⹜㛎૕ߪ㧘ታ㓙ߩ⵬ୃ੐ᬺߦ↪޿ࠄࠇߡ޿ࠆࡐ࡝ࡑ࡯࠮
ࡔࡦ࠻♽ᢿ㕙ୃᓳ᧚ᢱ 5 ⒳㘃㧔⸥ภ A㨪E㧕ࠍ↪޿ߚޕ߹
ߚ㧘Ყセߩߚ߼㧘Υ4 ߢᬌ⸛ߒߚ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ 1 ⒳
㧔C50㧕ߣࡕ࡞࠲࡞ 2⒳㧔M40㧘M50㧕ߩ⹜㛎૕ߩ࠺࡯࠲ࠍ
ᒁ↪ߒߚޕ 
⹜㛎૕ߩଦㅴ៺⠻⹜㛎ߪ㧘ฯ಴ⵝ⟎ Aߦࠃࠅ㧘᳓ྃᵹߩ
ฯ಴࿶ജࠍ 4.5 MPa㧘ฯ಴ᵹ㊂ࠍ⚂ 0.023 m3/minߣߒߡታ
ᣉߒߚޕ 
⹜㛎૕ߩ⴫㕙ᒻ⁁ߪ㧘࡟࡯ࠩ࡯ᄌ૏⸘ࠍ↪޿ߡ⸘᷹ߒ
ߚޕ5 ⒳㘃ߩ⵬ୃ᧚ᢱߦߟ޿ߡߪ㧘ଦㅴ⹜㛎ᤨ㑆 0㧘20㧘
40㧘60㧘80㧘100㧘120㧘140㧘160㧘180㧘200㧘300㧘400㧘
500㧘600㧘672 ᤨ㑆ߢ㧘߹ߚ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻߅ࠃ߮ࡕ
࡞࠲࡞⹜㛎૕ߦߟ޿ߡߪ㧘ଦㅴ⹜㛎ᤨ㑆 0㧘24㧘48㧘72㧘
96㧘168㧘336㧘504㧘672ᤨ㑆ߢ⹜㛎૕ߩ⴫㕙ᒻ⁁ࠍ⸘᷹ߔ
ࠆߣߣ߽ߦ⴫㕙⁁ᴫࠍ౮⌀᠟ᓇߒߚޕ 
⴫㕙ᒻ⁁ߩ⸘᷹࠺࡯࠲ࠍ↪޿ߡ㧘ᑼ(2)߅ࠃ߮(3)ࠃࠅࡑ
࠾ࡦࠣߩ☻ᐲଥᢙࠍផቯߒߚޕ 
 
b 結果と考察 
⹜㛎⚳ੌ㧔672ᤨ㑆㧕ᓟߩ⹜㛎૕ߩ⴫㕙⁁ᴫࠍ Fig. 71ߦ
␜ߔޕߎߩ࿑ࠃࠅ㧘᧚ᢱߦࠃࠆ⴫㕙⁁ᴫߩ⋧㆑߇⷗ߡขࠇ
ࠆޕᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ㧔Fig. 72㧕ߢߪ㧘⵬ୃ᧚ᢱߦ
ࠃࠅ㧘៺⠻ߩㅴⴕߩㅦᐲߦᏅߩ޽ࠆߎߣ߇␜ߐࠇߚޕࡕ࡞
࠲࡞⹜㛎૕㧔M50㧘M40㧕ߣߩᲧセߢߪ㧘⵬ୃ᧚ᢱ A㧘D㧘
Eߪ៺⠻ㅴⴕ߇ㅦߊ㧘⵬ୃ᧚ᢱ B㧘Cߪㆃ޿ߎߣ߇⏕⹺ߐ
ࠇߚޕߎߩ⚿ᨐߪ㧘⵬ୃ᧚ᢱ B㧘Cߩᣇ߇⠴៺⠻ᕈߩ㜞޿
᧚ᢱߢ޽ࠆߎߣࠍ␜ໂߒߡ޿ࠆޕ߹ߚ㧘ᐔဋ៺⠻ᷓߐߩㅴ
ⴕߦ߅޿ߡ㧘ฦ⵬ୃ᧚ᢱߣ߽᭎ߨ 200ᤨ㑆એ㒠ߪ߶߷৻ቯ
ߩჇട₸ߢㅴⴕߒߡ޿ࠆߎߣ߇␜ߐࠇߚޕߎࠇߦኻߒߡ㧘
ࡕ࡞࠲࡞⹜㛎૕ߢߪ㧘⹜㛎ᤨ㑆 100ᤨ㑆એ㒠ߪ៺⠻ߩㅴⴕ
߇ㅛᷫߒߡ߅ࠅ㧘ㅴⴕㆊ⒟߇⋧㆑ߔࠆߎߣ߇⏕⹺ߐࠇߚޕ
ߎࠇߪ㧘៺⠻ߩㅴⴕߦ઻߁ࡕ࡞࠲࡞⹜㛎૕ߩ㛽᧚㔺಴ߦࠃ
ࠅ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻߳ߩ᳓ྃᵹߩⴣ⓭߇ᅹߍࠄࠇ㧘៺⠻
߇ㅴⴕߒߥ߆ߞߚ⚿ᨐߢ޽ࠆߣ⠨߃ࠄࠇߚޕ⵬ୃ᧚ᢱ߽㛽
᧚ࠍ฽߻߇㧘ࡕ࡞࠲࡞ߦ฽߹ࠇࠆᮡḰ⍾ߦᲧߴߡ☸ᓘߩዊ
ߐߥߎߣ߇៺⠻ㅴⴕㆊ⒟ߩ⋧㆑ࠍ↢ߓߐߖߚߣ⠨߃ࠄࠇ
ߚޕ 
⴫㕙ᒻ⁁࠺࡯࠲߆ࠄ☻ᐲଥᢙࠍផቯߔࠆߦ޽ߚࠅ㧘Fig. 
73ߦ␜ߔ࠺࡯࠲ߩ⵬ᱜࠍታᣉߒߚޕฦ⴫㕙ᒻ⁁࠺࡯࠲ࠍ 2
ᰴ㑐ᢙߢㄭૃߒ㧘ㄭૃᦛ✢߆ࠄฦ࠺࡯࠲߹ߢߩ஍Ꮕࠍᣂߚ
ߥ⴫㕙ᒻ⁁࠺࡯࠲ߣߒߚޕ᳓ྃᵹ៺⠻⹜㛎ᯏߦࠃࠆ៺⠻⹜
㛎ߦ߅޿ߡߪ㧘⹜㛎૕ߩਛᄩㇱ߇ࠃࠅㅦߊ៺⠻ㅴⴕߒ㧘ਛ
ᄩㇱ߆ࠄ✼ㄝㇱߦะߌߡḧᦛߒߚ⴫㕙ᒻ⁁߇ᒻᚑߐࠇࠆޕ
ߎߩߚ߼㧘ߎߩḧᦛߒߚ࠺࡯࠲߆ࠄᑼ㧔1㧕ࠍ↪޿ߡ▚ⴚ
   
⵬ୃ᧚ A                ⵬ୃ᧚ B                 ⵬ୃ᧚ C 
   
⵬ୃ᧚ D                ⵬ୃ᧚ E                    C50 
Fig. 71 ⹜㛎⚳ੌᓟߩ⴫㕙⁁ᴫ 
Surface states of specimen after accelerated erosion test 
 
Fig. 72 ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ 
Average erosion depth versus test time with repair materials 
0 100 200 300 400 500 600 700
0
5
10
15
20
⹜㛎ᤨ㑆 (h)
ᐔ
ဋ
៺
⠻
ᷓ
ߐ
 (
m
m
)
⵬ୃ᧚A
⵬ୃ᧚B
⵬ୃ᧚C
⵬ୃ᧚D
⵬ୃ᧚E
C50
M50
M40
32 農村工学研究所報告　第 52号　（2013）
 ᐔဋ☻ߐࠍ᳞߼ࠆߣ㧘ㆊᄢߥ୯߇ᓧࠄࠇࠆޕࠃࠅㆡಾߥ▚
ⴚᐔဋ☻ߐࠍ᳞߼ࠆߚ߼ߦߪ㧘ḧᦛߩᓇ㗀ࠍឃ㒰ߔࠆᔅⷐ
߇޽ࠆޕߎߎߢߪ㧘2 ᰴ㑐ᢙߦࠃࠆฦ࠺࡯࠲߳ߩㆡว߇⦟
ᅢߢ޽ߞߚߚ߼㧘2ᰴ㑐ᢙࠍ↪޿ߚ࠺࡯࠲ߩ⵬ᱜࠍⴕߞߚޕ 
⵬ᱜ࠺࡯࠲ࠍ↪޿ߡ᳞߼ߚផቯ☻ᐲଥᢙߩ⚻ᤨᄌൻࠍ
Fig. 74ߦ␜ߔޕផቯ☻ᐲଥᢙߪ㧘ฦ⵬ୃ᧚ߣ߽ࡕ࡞࠲࡞⹜
㛎૕㧔M50, M40㧕ࠍਅ࿁ߞߚޕߎࠇߪ㧘⵬ୃ᧚ߦ฽߹ࠇࠆ
㛽᧚ߩ☸ᓘ߇ࡕ࡞࠲࡞⹜㛎૕ߦ฽߹ࠇࠆ㛽᧚ߩ☸ᓘࠃࠅ
߽ዊߐߊ㧘㛽᧚߇㔺಴ߒߡ߽▚ⴚᐔဋ☻ߐ߇ࡕ࡞࠲࡞⹜㛎
૕ߦᲧセߒߡዊߐ޿ߎߣߦ⿠࿃ߒߡ޿ࠆߣ್ᢿߐࠇߚޕ࠮
ࡔࡦ࠻㧔ࡕ࡞࠲࡞㧕ߩ☻ᐲଥᢙ߇ᦨዊ୯ 0.011㧘ᦨᄢ୯ 0.015
ߣߐࠇߡ㧔ㄘᨋ᳓↥⋭ㄘ᧛ᝄ⥝ዪ㧘2001㧕߅ࠅ㧘ࡕ࡞࠲࡞
⹜㛎૕㧔M50㧘M40㧕ߩផቯ☻ᐲଥᢙ߇ߘߩ▸࿐ౝߦ෼߹
ࠆߎߣ߆ࠄផቯ୯ߪ᭎ߨᅷᒰߢ޽ࠆߣ್ᢿߐࠇߚޕ 
ᐔဋ៺⠻ᷓߐߣផቯ☻ᐲଥᢙߣߩ㑐ଥࠍ Fig. 75ߦ␜ߔޕ
ߎߩ࿑ߪ㧘ฦ⵬ୃ᧚ᢱߦ߅޿ߡ៺⠻߇ㅴⴕߒߚ႐วߩ☻ᐲ
ଥᢙߩᛠី߇น⢻ߣߥࠆߎߣ߆ࠄ㧘⵬ୃ᧚ᢱࠍㆬቯߔࠆ਄
ߢ᦭ലߥᖱႎߣߥࠅᓧࠆߣ⠨߃ࠄࠇࠆޕ 
 
９ 水噴流摩耗試験機の改良 
Fig. 32ߦ␜ߒߚ᳓ྃᵹ៺⠻⹜㛎ᯏߪ㧘࠮ࡔࡦ࠻♽᧚ᢱߩ
ࠛࡠ࡯࡚ࠫࡦ៺⠻ࠍᮨᡆߒߡଦㅴߒ㧘⠴៺⠻ᕈ߅ࠃ߮☻ᐲ
ଥᢙࠍ⹏ଔߔࠆ਄ߢ㕖Ᏹߦ᦭ലߥ⹜㛎ᯏߢ޽ࠆޕ৻ᣇ㧘Υ 
4 ߢᬌ⸛ߒߚࠃ߁ߦ᳓ྃᵹ߇⹜㛎૕ߦⴣ⓭ߔࠆⷺᐲ㧔ⴣ⓭
ⷺᐲ㧕߇߶߷৻ቯߢ޽ࠆߚ߼㧘㛽᧚ࠍ฽߻᧚ᢱߦ߅޿ߡߪ㧘
㛽᧚ࠍ㗂ὐߣߒߚ⓭⿠⁁ߩㇱಽ߇៺⠻⴫㕙ߦᒻᚑߐࠇ㧘ㆡ
ಾߥ⠴៺⠻ᕈ߅ࠃ߮☻ᐲଥᢙߩ⹏ଔߦ߅ߌࠆ⺖㗴ߢ޽ߞ
ߚޕߘߩߚ߼㧘⹜㛎૕߳ߩ᳓ྃᵹߩⴣ⓭ⷺᐲࠍ⺞ᢛน⢻ߣ
ߔࠆ⹜㛎ᯏߩᡷ⦟ࠍታᣉߒߚޕᧄ▵ߢߪ㧘ᡷ⦟ߒߚᣂဳ⹜
㛎ᯏߩ᭎ⷐ߅ࠃ߮ᣂဳ⹜㛎ᯏߩᕈ⢻ࠍ⹏ଔߔࠆߚ߼ߩଦ
ㅴ៺⠻⹜㛎ߦߟ޿ߡᬌ⸛ߒߚޕ 
 
a 新型試験機の概要 
ᣂဳ⹜㛎ᯏߩ᭎ⷐࠍ Fig. 76 ߦ␜ߔޕᣂဳ⹜㛎ᯏߩ․ᓽ
ߪ㧘ࡁ࠭࡞ߩᡰᜬㇱࠍ࿁ォߐߖߡ᳓ྃᵹߩ⹜㛎૕߳ߩⴣ⓭
ⷺᐲࠍ 0㨪90qߩ▸࿐ߢછᗧߦ⸳ቯน⢻ߣߒߚߎߣߢ޽
ࠆޕ⹜㛎૕ߪ㧘࿁ォบਛᄩߦ 1୘㧘߹ߚߪ㧘࿁ォบ౞๟਄
ߦ 4୘ࠍ㈩⟎ߢ߈ࠆޕታᯏߩ⁁ᴫࠍ Fig. 77ߦ␜ߔޕ 
 
b 試験方法 
⹜㛎૕ߪ㧘W/C = 50%ߩ JISࡕ࡞࠲࡞ 1⒳ߣታ↪᳓〝ߩ
⵬ୃ੐ᬺߦ↪޿ࠄࠇߡ޿ࠆ⵬ୃ᧚ᢱ 2⒳ࠍ૞⵾ߒߚޕ⵬ୃ
᧚ᢱߪ㧘ࡐ࡝ࡑ࡯࠮ࡔࡦ࠻ࡕ࡞࠲࡞㧔⸥ภ PCM-A㧕ߣ❫
⛽⵬ᒝ࠮ࡔࡦ࠻ⶄว᧚ᢱ㧔 High Performance Fiber 
Reinforced Cement Composites㧘⸥ภ HPFRCC㧕ࠍ↪޿ߚޕ 
⹜㛎૕ߩଦㅴ៺⠻⹜㛎ߪ㧘ᣂဳ⹜㛎ᯏߦࠃࠅ㧘᳓ྃᵹߩ
ฯ಴࿶ജࠍ 15 MPa㧘ฯ಴ᵹ㊂ࠍ⚂ 0.022 m3/minߣߒߡታ
 
Fig. 76 ᣂဳ⹜㛎ᯏߩ᭎ⷐ 
Overview of the new water jet erosion tester 
 
Fig. 73 ⴫㕙ᒻ⁁߅ࠃ߮⵬ᱜ↪ߩㄭૃᦛ✢ߩ଀ 
Examples of surface profile of specimen and the fitted curve for the 
correction 
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Fig. 74 ផቯ☻ᐲଥᢙߩ⚻ᤨᄌൻ 
Estimated roughness coefficient versus test time 
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Fig. 75 ᐔဋ៺⠻ᷓߐߣផቯ☻ᐲଥᢙߣߩ㑐ଥ 
Estimated roughness coefficient versus the average erosion depth 
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 ᣉߒߚޕ⹜㛎૕ߪ࿁ォบਛᄩߦ㈩⟎ߒ㧘30 rpm⒟ᐲߢ࿁ォ
ߐߖߚޕࡁ࠭࡞߆ࠄ⹜㛎૕߹ߢߩ〒㔌ࠍ 50 mmߣߒ㧘᳓ྃ
ᵹߩⴣ⓭ⷺᐲࠍ 30㧘45㧘60㧘75㧘90qߩ 5᳓Ḱߢᄌൻߐߖ
ߚޕ 
⹜㛎૕ߩ⴫㕙ᒻ⁁ߪ㧘࡟࡯ࠩ࡯ᄌ૏⸘ࠍ↪޿ߡ㧘ଦㅴ⹜
㛎ᤨ㑆 0㧘1㧘2㧘3㧘4㧘5 ᤨ㑆ߦ⸘᷹ߒ㧘ᑼ(2)ࠃࠅ▚ⴚᐔ
ဋ☻ߐࠍ᳞߼ߚޕ 
 
c 結果と考察 
JIS ࡕ࡞࠲࡞ߩⴣ⓭ⷺᐲ೎ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻࠍ
Fig. 78ߦ␜ߔޕ⹜㛎 5ᤨ㑆ᓟߩᐔဋ៺⠻ᷓߐߪ㧘ⴣ⓭ⷺᐲ
30qߢᦨዊ㧘 45qߢ⚂ 2.5୚㧘60qߢᦨᄢߣߥࠅ㧘75q߅
ࠃ߮ 90qߢߪౣ߮ᷫዋߔࠆ⚿ᨐߣߥߞߚޕ৻ᣇ㧘HPFRCC
߅ࠃ߮ PCM-Aߢߪ㧘ⴣ⓭ⷺᐲ 30q㨪90qߦ߆ߌߡᐔဋ៺
⠻ᷓߐ߇߶߷Ⴧᄢߔࠆ⚿ᨐߣߥߞߚ㧔Fig. 79㧕ޕ 
ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ࠺࡯࠲ࠍ 1ᰴ⋥✢㧔ಾ  = 0㧕
ߢㄭૃߒߚ႐วߩ⋥✢ߩ௑߈ߪ㧘ฦ⹜㛎ߦ߅ߌࠆᐔဋ៺⠻
ㅦᐲࠍ⴫ߔޕߘߩ୯ࠍ Fig. 80 ߦ␜ߔޕHPFRCC ߅ࠃ߮
PCM-A ߪ㧘ⴣ⓭ⷺᐲߩჇടߣߣ߽ߦᐔဋ៺⠻ㅦᐲ߇Ⴧട
ߒ㧘ⴣ⓭ⷺᐲ 75㨪90qߢᦨᄢߦߥࠆߎߣࠍ␜ߒߡ޿ࠆޕߎ
ࠇߦኻߒߡ㧘JIS ࡕ࡞࠲࡞ߢߪ㧘45㨪60qߩ㑆ߢᐔဋ៺⠻
ㅦᐲߩᦨᄢ୯ࠍߣࠅ㧘75㨪90qߢߪᐔဋ៺⠻ㅦᐲ߇ૐਅߒ
ߚޕBitter㧔1963a㧧1963b㧕ߪ㧘ࠛࡠ࡯࡚ࠫࡦ៺⠻ߦ߅ߌࠆ
☸ሶߩⴣ⓭ⷺᐲ߇᧚ᢱߩ៺⠻ߦ෸߷ߔᓇ㗀ࠍ⹏ଔߒ㧘⣀ᕈ
᧚ᢱߩ႐วߦߪ 0㨪90qߦ߅޿ߡⴣ⓭ⷺᐲߩჇടߣߣ߽ߦ
៺⠻㊂߇Ⴧᄢߔࠆߎߣࠍ␜ߒߚޕᧄ⹜㛎ߢ↪޿ߚ 3⒳ߩ᧚
ᢱߪ࠮ࡔࡦ࠻♽᧚ᢱߢ޽ࠅ㧘⣀ᕈ᧚ᢱߢ޽ࠆޕJIS ࡕ࡞࠲
࡞߇ߎߩࠃ߁ߥ․⇣ߥ⚿ᨐࠍ␜ߒߚℂ↱ߣߒߡߪ㧘㛽᧚ࠍ
㗂ὐߣߒߚ⓭⿠⁁ㇱಽ߇ᄙᢙሽ࿷ߔࠆ⴫㕙ᒻ⁁ߩᒻᚑ߇
⠨߃ࠄࠇࠆޕ 
Fig. 81ߦ␜ߔࠃ߁ߦ㧘JISࡕ࡞࠲࡞ߦ߅޿ߡߪ㧘75߅ࠃ
߮ 90qߦ߅޿ߡ⴫㕙ߦ⓭⿠⁁ㇱಽ߇ᄙᢙᒻᚑߐࠇߡ޿ࠆޕ
ߎߩ⓭⿠⁁ㇱಽߦ߅ߌࠆ៺⠻ㅴⴕߩㆃᑧ߇ᐔဋ៺⠻ㅦᐲ
ߩૐਅࠍ᜗޿ߚේ࿃ߣ⠨߃ࠄࠇࠆޕJIS ࡕ࡞࠲࡞ߦ߅ߌࠆ
⓭⿠⁁ㇱಽߩᒻᚑ߇⴫㕙ߩ☻ߐࠍᄢ߈ߊߔࠆߎߣߪ㧘Fig. 
82 ߦ␜ߔᐔဋ៺⠻ᷓߐߣ▚ⴚᐔဋ☻ߐߣߩ㑐ଥ߆ࠄ߽⺒
ߺขࠇࠆޕ৻ᣇ㧘HPFRCC߅ࠃ߮ PCM-A߽᧚ᢱਛߦ㛽᧚
ࠍ฽ࠎߢ޿ࠆ߇㧘ߘߩ☸ᓘ߇ዊߐ޿ߚ߼ߦ⓭⿠⁁ㇱಽߩᒻ
ᚑߦߪ⥋ࠄߕ㧘៺⠻ㅴⴕߩㆃᑧ߇↢ߓߥ߆ߞߚ߽ߩߣ⠨߃
ࠄࠇࠆޕ 
  
ⴣ⓭ⷺᐲ 30q          ⴣ⓭ⷺᐲ 75q 
  
⹜㛎૕ 1୘ࠍਛᄩㇱߦ⸳⟎          ᳓ྃᵹߩฯ಴ 
Fig. 77 ᣂဳ⹜㛎ᯏߩ⁁ᴫ 
Conditions of the new water jet erosion tester 
Fig. 78 JISࡕ࡞࠲࡞ߩⴣ⓭ⷺᐲ೎ᐔဋ៺⠻ᷓߐߩ⚻ᤨᄌൻ 
Average erosion depth of JIS mortar at different impact angle of 
water jet 
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Fig. 79 HPFRCC߅ࠃ߮ PCM-Aߩⴣ⓭ⷺᐲ೎ᐔဋ៺⠻ᷓߐ
ߩ⚻ᤨᄌൻ 
Average erosion depth of HPFRCC and PCM-A at different impact 
angle of water jet 
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Fig. 80 ⴣ⓭ⷺᐲߣᐔဋ៺⠻ㅦᐲߣߩ㑐ଥ 
Average erosion rate versus the impact angle of water jet 
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Fig. 81 JISࡕ࡞࠲࡞ߩ⹜㛎ᓟߩ⴫㕙⁁ᴫ 
Eroded surface states of the specimens after test 
Fig. 84 ៺⠻⹜㛎૕ߩ૞⵾ᣇᴺ 
Specimen preparation methods for accelerated erosion test using collected cores from an actual canal 
 
Fig. 82 JISࡕ࡞࠲࡞ߩᐔဋ៺⠻ᷓߐߣ▚ⴚᐔဋ☻ߐߩ㑐ଥ 
Arithmetic average roughness versus the average erosion depth of 
JIS mortar 
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(a) D࿾඙㧦᳓〝஥ო᳓ਛㇱ  (b) E࿾඙㧦᳓〝஥ო᳓ਛㇱ 
Fig. 83 ታ᳓〝ߩ⴫㕙⁁ᴫ 
Eroded surface states of the collected cores from the actual canal in 
the D and E district 
 
᳓〝㕙
⢛㕙⹜㛎૕
707020 mm
Caᧂṁ⣕⹜㛎૕
⢛㕙ណขࠦࠕĳ00 mm
d 水噴流の衝突角度の選定 
ଦㅴ៺⠻⹜㛎ߦߪ㧘ታ⃻⽎ࠍᮨᡆߔࠆ⒟ᐲ߅ࠃ߮⹜㛎ߩ
ല₸ᕈ߇᳞߼ࠄࠇࠆޕ฽᦭㛽᧚ߩ☸ᓘ߇ዊߐ޿࠮ࡔࡦ࠻♽
᧚ᢱ㧔HPFRCC㧘PCM-A ߥߤ㧕ߩ⹜㛎ߢ޽ࠇ߫㧘Fig. 80
ߦ␜ߐࠇߚࠃ߁ߦⴣ⓭ⷺᐲ 75㨪90qߢߩ⹜㛎ߩᣇ߇ᐔဋ
៺⠻ㅦᐲߪᄢ߈޿ߎߣ߆ࠄ㧘ଦㅴലᨐ߇㜞ߊ㧘ല₸⊛ߣ⸒
߃ࠆޕ৻ᣇ㧘 JISࡕ࡞࠲࡞ߪⴣ⓭ⷺᐲ 75㨪90qߢߪ⹜㛎ߩ
ല₸ᕈ߇ᖡߊ㧘߹ߚ㧘៺⠻⴫㕙ߦᒻᚑߐࠇࠆ⓭⿠⁁ㇱಽߪ
Fig. 83 ߦ␜ߔࠃ߁ߦታ᳓〝ߢߪ⷗ࠄࠇߥ޿ߎߣ߆ࠄㆡಾ
ߢߪߥ޿ߣ್ᢿߐࠇࠆޕߐࠄߦ㧘╙Χ┨ߦ߅޿ߡᬌ⸛ߔࠆ
ࠃ߁ߦฦ⒳᧚ᢱߩ⠴៺⠻ᕈࠍᲧセߔࠆ㓙ߦߪ㧘ၮḰߣߥࠆ
ᮡḰ⹜㛎૕߇ᔅⷐߢ޽ࠅ㧘࠮ࡔࡦ࠻♽᧚ᢱߩਛߢߪⷙᩰൻ
ߐࠇߡ޿ࠆ JISࡕ࡞࠲࡞߇ㆡಾߢ޽ࠆߣ⠨߃ࠄࠇࠆޕߒߚ
߇ߞߡ㧘ᣂဳ⹜㛎ᯏߦ߅ߌࠆ᳓ྃᵹⴣ⓭ⷺᐲߪ㧘JIS ࡕ࡞
࠲࡞ߩല₸ᕈ߅ࠃ߮⴫㕙ᒻ⁁ࠍ⠨ᘦߒߡ㧘45q⒟ᐲ߇ㆡಾ
ߣ⠨߃ࠄࠇࠆޕ 
 
10 現地水路試験体の摩耗特性 
ଦㅴ៺⠻⹜㛎ߦ߅޿ߡߪ㧘ታ᭴ㅧ‛ߦ߅ߌࠆ៺⠻⒟ᐲߣ
ߩᤨ㑆⊛⋧㑐ࠍᓧࠆߎߣߪ᭴ㅧ‛ߩᕈ⢻ૐਅ੍᷹ࠍߔࠆ
ߚ߼ߦᔅⷐߢ޽ࠆޕ਄㊁ࠄ㧔2010㧕ߪ㧘᳓〝᭴ㅧ‛߆ࠄណ
ขߒߚ⹜㛎૕ࠍ↪޿ߡ᳓⍾ྃᵹ៺⠻⹜㛎ᯏߦࠃࠆଦㅴ៺
⠻ࠍታᣉߒ㧘1.10㨪1.72 year/h ࠍዉ߈಴ߒߡ޿ࠆޕᧄ▵ߢ
ߪ㧘ታ᳓〝᭴ㅧ‛߆ࠄណขߒߚࠦࠕࠍ↪޿ߚ᳓ྃᵹ៺⠻⹜
㛎ߩ⚿ᨐߦߟ޿ߡᬌ⸛ߒߚޕ 
 
a 試験方法 
⹜㛎૕ߪ㧘╙Τ┨ߢ⺞ᩏኻ⽎࿾඙ߣߒߚ D࿾඙߅ࠃ߮ E
࿾඙ߢណขߒߚ஥ო᳓ਛㇱߩࠦࠕ㧔Ǿ100 mm㧕߆ࠄ㧘Fig. 
84ߦ␜ߔࠃ߁ߦ 707020 mmߩ⋥ᣇ૕ࠍಾࠅ಴ߒߡ૞
⵾ߒߚޕ⹜㛎૕ߩಾࠅ಴ߒ૏⟎ߪ㧘⢛㕙ㇱ߅ࠃ߮ Fig. 29㧘
Fig. 30ߩ CaỚᐲಽᏓࠍరߦ⸳ቯߒߚ Caᧂṁ⣕ㇱಽߢ޽
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 ࠆޕCaᧂṁ⣕⹜㛎૕ߪ㧘D࿾඙ߢߪ⴫㕙߆ࠄ 35㨪55 mm㧘
E࿾඙ߢߪ 25㨪45 mmߩ૏⟎߆ࠄಾࠅ಴ߒ㧘ฦޘ35 mm㕙
ߣ 25 mm㕙ࠍଦㅴ៺⠻㕙ߣߒߚޕ߹ߚ㧘⢛㕙⹜㛎૕ߪᦨ⢛
㕙ࠍଦㅴ៺⠻㕙ߣߒߚޕ 
⹜㛎૕ߩଦㅴ៺⠻⹜㛎ߪ㧘ᣂဳ⹜㛎ᯏߦࠃࠅ㧘᳓ྃᵹߩ
ฯ಴࿶ജࠍ 15 MPa㧘ฯ಴ᵹ㊂ࠍ⚂ 0.022 m3/minߣߒߡታ
ᣉߒߚޕ⹜㛎૕ߪ࿁ォบਛᄩߦ⸳⟎ߒ㧘30 rpm⒟ᐲߢ࿁ォ
ߐߖߚޕࡁ࠭࡞߆ࠄ⹜㛎૕߹ߢߩ〒㔌ࠍ 50 mmߣߒ㧘᳓ྃ
ᵹߩⴣ⓭ⷺᐲࠍ 45qߣߒߚޕ⹜㛎૕ߩ⴫㕙ᒻ⁁ߪ㧘࡟࡯ࠩ
࡯ᄌ૏⸘ࠍ↪޿ߡ⸘᷹ߒߚޕ⸘᷹ᤨ㑆ߪ㧘 0㧘15㧘30ಽ㧘
1㧘2㧘4㧘6㧘8㧘10ᤨ㑆ߣߒߚޕ 
ߥ߅㧘ߎߎߢߪ៺⠻ᷓߐߩᜰᮡߣߒߡ㧘ᐔဋ៺⠻ᷓߐߢ
ߪߥߊ㧘ᓟㅀ㧔Χ5a㧕ߔࠆ 95%ὐ៺⠻ᷓߐࠍណ↪ߒߚޕߎ
ࠇߪ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ㇱߩ៺⠻ࡈࡠࡦ࠻ࠍ⊛⏕ߦᛠីߔ
ࠆߚ߼ߢ޽ࠆޕ 
 
b 結果と考察 
95㧑ὐ៺⠻ᷓߐߩ⚻ᤨᄌൻࠍ Fig. 85 ߦ␜ߔޕ߹ߚ㧘⹜
㛎ᓟߩ⹜㛎૕ߩ⁁ᴫࠍ Fig. 86ߦ␜ߔޕD࿾඙⢛㕙⹜㛎૕ߢ
ߪ㧘⹜㛎㐿ᆎ 15ಽߢ 1.1 mm߹ߢ៺⠻߇ㅴⴕߒߚᓟߪ 2ᤨ
㑆߹ߢ߶ߣࠎߤᄌࠊࠄߕ㧘4 ᤨ㑆એ㒠ߪᕆỗߦ⋥✢⊛ߦ៺
⠻߇ㅴⴕߒߚޕߎࠇߪ㧘⴫ጀ 1 mm೨ᓟߦ⠴៺⠻ᕈߩ㜞޿
㗔ၞ߇ሽ࿷ߒߚߚ߼ߢ޽ࠆߣ⠨߃ࠄࠇߚޕD ࿾඙ Ca ᧂṁ
⣕⹜㛎૕ߢߪ㧘⹜㛎㐿ᆎ 15ಽߢ 2.7 mm߹ߢ៺⠻߇ㅴⴕߒ
ߚᓟ߽✭߿߆ߦ៺⠻ߪㅴⴕߒ㧘6 ᤨ㑆એ㒠ߪ߶߷৻ቯߣߥ
ߞߚޕE࿾඙⢛㕙⹜㛎૕ߢߪ㧘⹜㛎㐿ᆎ 15ಽߢ 4.6 mm߹
ߢᕆỗߦ៺⠻߇ㅴⴕߒߚᓟߪ㧘✭߿߆ߦ៺⠻ߪㅴⴕߒ㧘8
ᤨ㑆એ㒠ߪ߶߷৻ቯߣߥߞߚޕᕆỗߦ៺⠻߇ㅴⴕߒߚℂ↱
ߣߒߡߪ㧘⴫ጀ 4 mm⒟ᐲ߹ߢߩ㗔ၞߢ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻
ߩ⣀ᒙൻ߇↢ߓߡ޿ߚߣ⠨߃ࠄࠇࠆޕ߹ߚ㧘E ࿾඙ Ca ᧂ
ṁ⣕⹜㛎૕ߢߪ㧘⹜㛎㐿ᆎ 15ಽߢ 1.2 mm߹ߢ៺⠻߇ㅴⴕ
ߒߚᓟ߽✭߿߆ߦ៺⠻ߪㅴⴕߒ㧘8 ᤨ㑆એ㒠ߪ߶߷৻ቯߣ
ߥߞߚޕCa ᧂṁ⣕⹜㛎૕ߦ߅޿ߡߪ㧘ਔ࿾඙ߣ߽⛘ኻ୯
ߪ⋧㆑ߔࠆ߽ߩߩ៺⠻ㅴⴕ߇ᤨ㑆ߩ⚻ㆊߣߣ߽ߦᓢޘߦ
ㅛᷫߒߡ޿ߊ㘃ૃߒߚ⁁ᘒࠍ␜ߒߚޕߎࠇߦኻߒߡ㧘⢛㕙
⹜㛎૕ߦ߅޿ߡߪ㧘D࿾඙⹜㛎૕߇⎬⾰ൻ㧘E࿾඙⹜㛎૕
߇⣀ᒙൻߒߡ޿ࠆߣ⠨߃ࠄࠇ㧘⋧෻ߔࠆ៺⠻ㅴⴕㆊ⒟ࠍ␜
ߒߚޕ 
⎬⾰ൻߩน⢻ᕈߩ৻ߟߣߒߡߪ㧘ᛂ⸳ᤨߦဳᨒ߆ࠄࡈ࡟
࠶ࠪࡘࠦࡦࠢ࡝࡯࠻ਛߩ᳓ಽ߇ᶐߺ಴ߒ㧘⴫ጀߩ᳓࠮ࡔࡦ
࠻Ყ߇ዊߐߊߥߞߡᒝᐲ߇㜞ߊߥߞߚߎߣ߇⠨߃ࠄࠇࠆޕ
⣀ᒙൻߢߪ㧘ᒰ⹥᳓〝⢛㕙ߩ࿾ਅ᳓߇㜞ߊ㧘ࠦࡦࠢ࡝࡯࠻
߇᳓ߦ㐳ᦼ㑆ធ⸅ߒ㧘⴫ጀ߆ࠄ Ca ߇ṁ⣕ߒߡ⣀ᒙൻߒߚ
ߎߣ߇⠨߃ࠄࠇࠆޕFig. 86ߩ E࿾඙ߩታ៺⠻㕙߅ࠃ߮⢛㕙
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Erosion rate versus the erosion depth using actual canal specimens 
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95th percentile erosion depth versus test time using actual canal 
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Eroded surface states of actual canals and accelerated erosion test. 
A sample in the back is eroded by actual canal and two specimens 
in the front are eroded by accelerated erosion test. 
 
Fig. 87 E࿾඙⢛㕙ߩ⁁ᴫ 
Back surface state of collected core in the E district 
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Ⅳ 農業用コンクリート水路における摩耗機構 
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２ 摩耗機構 
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ሶߦࠃࠆജቇ⊛૞↪ߣൻቇ⊛૞↪ߩ 2⒳ߩ૞↪ߢ޽ࠆޕജ
ቇ⊛૞↪ߪಾ೥㧘ⴣ᠄㧘∋ഭߥߤߢ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ᭴
ㅧࠍ⎕უߔࠆޕൻቇ⊛૞↪ߪ Ca ṁ⣕㧘ੇḨ➅ࠅ㄰ߒߥߤ
ߢ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ᭴ㅧࠍᄌ⾰ߐߖ⣀ߊߔࠆޕߎߩਔ૞
↪ߩⶄว૞↪ߦࠃࠅ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩ៺⠻߇ㅴ
ⴕߒߡ޿ࠆߣផኤߔࠆޕ 
ᦨೋߦജቇ⊛૞↪ߦߟ޿ߡᬌ⸛ߔࠆޕജቇ⊛૞↪ߣߒߡ
ߪ㧘᳓߅ࠃ߮⍾☸ሶ߇ࠦࡦࠢ࡝࡯࠻ߦⴣ⓭ߒߡ࠮ࡔࡦ࠻ࡍ
࡯ࠬ࠻ࠍᓢޘߦ⎕უߒߡ⣕㔌ߐߖࠆࠛࡠ࡯࡚ࠫࡦ߇޽ࠆޕ
ߎߎߢ㧘ታ᳓〝ߦ߅ߌࠆ៺⠻ㅦᐲߩផቯ୯ࠍ Table 17ߦ␜
ߔޕ╙Τ┨ߢ⺞ᩏߒߚ࿾඙ߩ᳓〝஥ოߢ⸘᷹ߒߚᦨᄢ㜞ߐ
ߦ㛽᧚਄ߩࡕ࡞࠲࡞ಽߩᗐቯ߆߱ࠅ 6 mm㧔૒⮮ࠄ㧘2008㧕
ࠍട▚ߒߚ୯ࠍផቯ៺⠻ᷓߐߣߒ㧘ߘߩ୯ࠍଏ↪ᐕᢙ߅ࠃ
߮ଏ↪ᣣᢙߢ㒰ߒߡ៺⠻ㅦᐲࠍ▚ቯߒߚޕଏ↪ᣣᢙߪ 1ᐕ
ߩ߁ߜ 180ᣣ߇ㅢ᳓ߐࠇࠆߣ઒ቯߒߚޕߎߩ⴫ࠃࠅ㧘៺⠻
ㅦᐲߪ㧘0.31㨪0.63 mm/year㧘߹ߚߪ㧘1.7㨪3.5 Ǵm/dayߣ
ផቯߐࠇߚޕᐔဋߔࠆߣ㧘0.43 mm/year߅ࠃ߮ 2.4 Ǵm/day
ߣߥࠆޕ 
ߎߩ୯ߪ㧘ࠦ ࡦࠢ࡝࡯࠻ߦ߅ߌࠆ៺⠻߇㧘ࡕ࡞࠲࡞ಽ㧔⚦
㛽᧚ߣ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩⶄว‛㧕ߩ⣕㔌ߣߒߡㅴⴕߔࠆ
ߣ઒ቯߔࠆߣ߆ߥࠅዊߐߥ୯ߣ⠨߃ࠄࠇࠆࠦޕ ࡦࠢ࡝࡯࠻
ߢ૶↪ߐࠇࠆ⚦㛽᧚ߩ☸ᐲߩᮡḰߪTable 18ߩࠃ߁ߦߥߞ
ߡ޿ࠆޕߎߩ⴫߆ࠄ߰ࠆ޿ࠍㅢࠆ߽ߩߩ⾰㊂⊖ಽ₸ߩ▸࿐
ߩᦨዊ୯ࠍరߦ☸ᐲࠍ⸳ቯߒ㧘ઍ⴫ᓘߣߘߩ⾰㊂⊖ಽ₸ࠍ
᳞߼ࠆߣ Table 19ߩࠃ߁ߦߥࠆޕઍ⴫ᓘߪ㓞ធߔࠆ߰ࠆ޿
ߩ๭߮ኸᴺߩᐔဋ୯ߣߒߚޕઍ⴫ᓘ 7.50㨪1.85 mmߣ 0.90
㨪0.08 mmߣߢ⚥Ⓧߩ⾰㊂⊖ಽ₸߇หߓ 50%ߣߥࠆߎߣ߆
ࠄ㧘ߎߩઍ⴫ᓘߩᐔဋࠍ⚦㛽᧚ߩᐔဋᓘߣߔࠇ߫ 1.38 mm
ߣߥࠆޕන⚐⸘▚ߢߎߩ୯ࠍ៺⠻ㅦᐲ 0.43 mm/yearߢ㒰ߔ
 
Table 18 ⚦㛽᧚ߩ☸ᐲߩᮡḰ㧔࿯ᧁቇળࠦࡦࠢ࡝࡯࠻ᆔຬળ㧘2008b㧕 
Standard grading of the fine aggregate 
߰ࠆ޿ߩ๭߮ኸᴺ (mm) 10 5 2.5 1.2 0.6 0.3 0.15 
߰ࠆ޿ࠍߣ߅ࠆ߽ߩߩ
⾰㊂⊖ಽ₸ (%) 100 90㨪100 80㨪100 50㨪90 25㨪65 10㨪35 2㨪10 
 
 
Table 17 ታ᳓〝ߦ߅ߌࠆ៺⠻ㅦᐲߩផቯ୯ 
Estimated erosion rate in actual canal 
࿾඙ ଏ↪ᐕ(year)
ᦨᄢ㜞ߐ
Rz  
(mm)
ផቯ៺⠻ᷓߐ
Rz + 6 
(mm)
៺⠻ㅦᐲ
(mm/year)
៺⠻ㅦᐲ
(ȝm/day)
A 40 6.3   12.3  0.31  1.7  
B 51 26.4   32.4  0.63  3.5  
C 35 11.2   17.2  0.49  2.7  
D 38 8.2   14.2  0.37  2.1  
E 38 6.8   12.8  0.34  1.9  
Table 19 ⚦㛽᧚ߩઍ⴫ᓘ 
Typical diameter of the fine aggregate 
߰ࠆ޿ߩ๭߮ኸᴺ
(mm) 
ઍ⴫ᓘ 
(mm) 
⾰㊂⊖ಽ₸ 
(%) 
10 
5 7.50 10  
2.5 3.75 10  
1.2 1.85 30  
0.6 0.90 25  
0.3 0.45 15  
0.15 0.23 8  
0.08 2  
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 ࠍ᧚㛽⚦ߩmm 83.1 ᓘဋᐔ㧘ࠅ߹ߟޕࠆࠇࠄᓧ߇ᐕ 2.3 ߣ
ߎࠆߔⷐࠍᐕ 2.3㧘ߪߦ߼ߚࠆߖߐ㔌⣕ߡߒߣጀ࡞࠲࡞ࡕ
 ޕࠆߥߦߣ
↢߇⽎⃻㔌⣕ߩጀ࡞࠲࡞ࡕߦ⊛ᢔ㔌ߦ߁ࠃߩߎ㧘ߒ߆ߒ
ขណࠄ߆඙࿾E ߮ࠃ߅D㧘ߚ߹ޕ޿ߊߦ߃⠨ߪߣࠆ޿ߡߓ
㧘ߪࠄ߆㧕98 .giF㧔㕙⴫⠻៺ߩࠕࠦߩㇱਛ᳓ო஥〝᳓ߚߒ
߁ࠃࠆ޿ߡࠇߐᵹ޿ᵞ߇࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߩࠅ๟᧚㛽⚦
ߚ޿ߡࠇߐቯ࿕ߦਛ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߪࠇߎޕࠆ߃⷗ߦ
㕙⴫㧘ࠅࠃߦ㔌⣕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߩࠅ๟᧚㛽㧘߇᧚㛽
ߩߘ㧘ߪ᧚㛽ߚࠇ⃻ߦ㕙⴫㧘ߚ߹ޕࠆࠇࠄ߃⠨ߣߚࠇ⃻ߦ
ߩߘ㧘ࠅ߅ߡߒ⌕ઃߣ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߩਅ⋥ߢߌߛㇱၮ
߶޿ߥߒ㔌⣕߽ߡࠇ߆⟎ߦਅᵹ᳓ߢᘒ⁁ߩߎ㧘ߪᐲᒝ⌕ઃ
ࡦࠦ↪ᬺㄘ㧘ࠄ߆ߣߎߩ਄એޕࠆࠇߐໂ␜߇ߣߎߥ߈ᄢߤ
⎕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߪ⠻៺ࠆߌ߅ߦო஥〝᳓࠻࡯࡝ࠢ
⣕࡮უ⎕ߩߡߒߣጀ࡞࠲࡞ࡕ㧘ࠅ޽ߢߩ߽ࠆࠃߦ㔌⣕࡮უ
〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘ㧘ߒߛߚޕࠆߔኤផߣ޿ߥߪߢ㔌
߇ᕈ⢻นࠆ޿ߡߓ↢߇ߤߥࠅ߇ォߩ␕㧘ߪߡ޿߅ߦ ᐩߩ
ࠇࠄ߃⠨߽㔌⣕࡮უ⎕ߩߡߒߣጀ࡞࠲࡞ࡕ㧘ࠄ߆ߣߎࠆ޽
ߩ࠲࡯࠺ߥಽච㧘ߛ߹㧘ߪߢᩏ⺞ߩߢ߹ࠇߎ㧘ߒ߆ߒޕࠆ
 ޕࠆ޽ߢᴫ⁁޿ߥ߇Ⓧ⫾
ߔ⸛ᬌߡ޿ߟߦജࠆߔ↪૞ߦ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߢߎߎ
ޕࠆ޽߇ജࠆߔ࿃⿠ߦ࿃ⷐߩ⒳2 ߩሶ☸⍾ߣ᳓㧘ߪߦജޕࠆ
ოޕࠆ޽߇ജᔕᢿࠎߖ㕙ო㧘ߪߡߒߣߩ߽ࠆߔߣ࿃ⷐࠍ᳓
ജᔕᢿࠎߖߪߦ㕙ო㧘ว႐ࠆߔേ⒖߇૕ᵹᕈ☼ߡߞᴪߦ㕙
㕙ოߡߒߣ᭴ᯏ⠻៺ࡦ࡚ࠫ࡯ࡠࠛߩ࠻࡯࡝ࠢࡦ ࠦޕߊ௛߇
ޕ޿ߥࠇࠄߌฃ⷗ࠅ߹޽ߪⓥ⎇ࠆ޿ߡߒ⺰⼏ࠍജᔕᢿࠎߖ
૕᳇ߣࠢ࠶ࡒ࡜࠮㧘㧕6891㧘ࠄ᧛᧻㧔૕ᶧߣዻ㊄㧘ߒ߆ߒ
ߦജᔕᢿࠎߖ㕙ო㧘ߪߡ޿ߟߦ㧕8991㧘retlaW dna reueH㧔
ߡߒߣ࿃ⷐߩ⠻៺ࡦ࡚ࠫ࡯ࡠࠛ߇ജᔕࠆࠃߦᵹੂߡߒኻ
߇૕ᵹߪࠄࠇߎ㧘ߒߛߚޕࠆ޽߽๔ႎ߁޿ߣࠆ޿ߡߒ⿧ථ
㧘ߪࠇߎޕࠆ޿ߡߒߣ⽎ኻࠍᐲㅦߥ߁ࠃࠆ߃⿥ࠍ ces/m 3
േᄌᐲㅦ޿ߒỗߢߊㄭ㕙ო㧘ߪߢౝጀ⇇Ⴚᵹੂ߁ᴪߦ㕙ო
ޕࠆࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚ㧕2991㧘㊁ᣣ㧘߫߃଀㧔ߔ␜ࠍ
ߦᵹੂ߮ࠃ߅ജᔕᢿࠎߖ㕙ოߚߒߣ࿃ⷐࠍ᳓㧘ߦ߁ࠃߩߎ
᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘ߇⓭ⴣߩሶ☸⍾㧘ߡߒߘ㧘ജᔕࠆࠃ
ࠆ޽ߢജࠆߔ↪૞ߦუ⎕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ࠆߌ߅ߦ〝
ߪߢὐᤨ⃻ߪ߆ߩࠆ޿ߡߒ⿧ථ߇ࠇߕ޿㧘߇ࠆࠇࠄ߃⠨ߣ
ߣ೥ಾߩߡߒߣ᭴ᯏ⠻៺߇ജࠆߔ↪૞㧘ߚ߹ޕࠆ޽ߢ᣿ਇ
ਇ߽߆ߩࠆߖߐߓ↢ߦ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ࠍࠄߜߤߩഭ∋
 ޕࠆ޽ߢ᣿
ߡߒߣ↪૞⊛ቇൻޕࠆߔ⸛ᬌߡ޿ߟߦ↪૞⊛ቇൻߦᰴ
 㧘ߪߢb3Τޕࠆ޽߇⣕ṁaC ߚߒ⸛ᬌߢ7Υ߮ࠃ߅b3Τ㧘ߪ
ⴕㅴ߇⣕ṁ aC ߡ޿߅ߦ㕙⴫࠻࡯࡝ࠢࡦࠦߩ〝᳓ታ Ԙ
 ߣߎࠆ޿ߡߒ
ߒⴕㅴߊᷓ߇ᣇߩ࠻ࡦࡠࡈ⣕ṁࠅࠃ࠻ࡦࡠࡈ⠻៺ ԙ
 ߣߎࠆ޿ߡ
 㧘ߪߢ7Υ㧘ߚ߹ޕߚߒߦ߆ࠄ᣿ࠍ
ᐲㅦ⠻៺ߩၞ㗔⣕ṁߡ޿߅ߦ૕㛎⹜ߚߖߐ⣕ṁ aC Ԙ
 ߣߎࠆߥߊ߈ᄢߣᓟ೨୚02 ߇
ࠕࠦࠆࠇߐᢿ್ߣၞ㗔⣕ṁ aC ߚߒขណࠄ߆〝᳓ታ ԙ
 ߣߎߥ߈ᄢ߇ᐲㅦ⠻៺߽ߡ޿߅ߦ
᳓ࠆ޿ߡߒ⸅ធ߽ߡߒⴕㅴ߇ൻᒙ⣀ࠆࠃߦ⣕ṁ aC Ԛ
ߎ޿ߥߒ⠻៺߫ࠇ޽ߢ᳓ߩㅦᵹᓸߪߚ߹᳓㕒߇ಽ
 ߣ
᭴❱⚵㧘ߖߐടჇࠍ㊂ሹ⚦ߪ⣕ṁ aCޕߚߞߥߣ߆ࠄ᣿߇
ߘޕ㧕6991㧘edraC㧔ࠆߖߐਅૐࠍᕈ․⊛ቇജ㧘ߒߣ☻ࠍㅧ
߃⠨ߣࠆࠇࠄ߼ㅦ߇ⴕㅴߩ⠻៺ࠆࠃߦ↪૞⊛ቇജ㧘ᨐ⚿ߩ
 ޕࠆࠇࠄ
ߌ߅ߦ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘߡ߃߹〯ࠍᨐ⚿ߩ਄એ
 ޕࠆߥߦ߁ࠃߩਅએߣࠆߔቯផࠍ⒟ㆊ⠻៺ࠆ
ߔⴕㅴ߇⣕ṁ aC ߪ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ࠆߔ⸅ធߣ᳓ Ԙ
 ޕࠆ
㧘ߒടჇ߇㊂ሹ⚦ߪ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߚߒ⣕ṁ aC ԙ
 ޕࠆߥߣ☻߇ㅧ᭴❱⚵
߇ᐲᒝߪ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߚߞߥߣ☻߇ㅧ᭴❱⚵ Ԛ
 ޕࠆߔਅૐ
⍾߮ࠃ߅ᵹ᳓ߦ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߚߒਅૐ߇ᐲᒝ ԛ
ߪߚ߹ഭ∋ߪ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߣࠆߔ⓭ⴣ߇ሶ☸
 ޕࠆߔ㔌⣕㧘ߓ↢ࠍუ⎕೥ಾ
ࡍ࠻ࡦࡔ࠮㧘ߣࠆߔⴕㅴ߇㔌⣕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ Ԝ
 ޕࠆߓ↢߇㔌⣕ߩ᧚㛽ߚ޿ߡࠇߐቯ࿕ߦ࠻ࠬ࡯
 
 ルデモ耗摩 ３
㧘უ⎕㧘ൻᒙ⣀㧘⣕ṁaC ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߪߢ▵ᧄ
ߒ↪ㆡࠍAC ߦ߼ߚࠆߔ⃻⴫ߦ⚐නࠍ⽎⃻⠻៺ࠆࠃߦ㔌⣕
ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘᳓ߦ࡞࠮ߩၞ㗔⽎ኻ㧘ߪߢ࡞࠺ࡕᧄޕߚ
⣕ṁ߇ aC ߩਛ࡞࠮࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߒ⟎㈩ࠍ᧚㛽㧘࠻
 
 ඙࿾D
 
 ඙࿾E
 㕙⴫⠻៺ߩ㧕ㇱਛ᳓ო஥〝᳓㧔ࠕࠦขណ 98 .giF
 㧕␜⴫ࠍmm 1 ⋓⋡1㧘ߪ࡞࡯ࠤࠬࠆ߃⷗ߦㇱ਄⌀౮㧔
 ni llawedis degrembus morf seroc detcelloc fo ecafrus dedorE
 lanac lautca
究研るす関に験試耗摩進促びよお構機耗摩るけおに路水トーリクンコ用業農：勝敷嘉渡93
 ߒߡ޿ࠆㆊ⒟߅ࠃ߮࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞߇⎕უ࡮⣕㔌ߔ
ࠆㆊ⒟ࠍᮨᡆߒߚޕ 
 
a セルオートマトン 
CAℂ⺰ߪ㧘ᢙቇ⠪ J. Neumann߇ 1940ᐕઍᓟඨߦ޽ߚ
ߚ߼ߡ޿ߚ⠨߃ߦߘߩ⿠Ḯ߇޽ࠆߣߐࠇߡ޿ࠆ㧔ട⮮ࠄ㧘
1998㧕ޕ1970ᐕߦᢙቇ⠪ J.H. Conwayߦࠃࠅ⠨᩺ߐࠇߚ࡜
ࠗࡈࠥ࡯ࡓ㧔game of life㧕ߢߪ㧘ᄙᢙߩᱜᣇᒻߩ࠮࡞ߢ඙
ಾߞߚࠦࡦࡇࡘ࡯࠲ߩ↹㕙਄ߦ㧘↢߈ߡ޿ࠆ⁁ᘒߣቯ⟵ߒ
ߚ↢ߩ࠮࡞ࠍዋᢙ⟎ߊߣჇᱺߒᆎ߼㧘න⚐ߥೋᦼߩᒻߣ◲
නߥⷙೣ߆ࠄ੍ᗐ߽ߢ߈ߥ޿ⶄ㔀ߢᄙᓀߥࡄ࠲࡯ࡦ߇૞
ࠅ಴ߐࠇ㧘῜⊒⊛ߥࡅ࠶࠻ߣߥߞߚ㧔ട⮮ࠄ㧘1998㧕ޕS. 
Wolfram㧔1983㧕ߪ㧘CA ℂ⺰ߦ 1 ᰴరࡕ࠺࡞ࠍዉ౉ߒ㧘
CA ߇㔌ᢔജቇ♽ߩઍ⴫ࡕ࠺࡞ߣߥࠆߎߣࠍ᣿ࠄ߆ߦߒ
ߚޕߘߩᓟ㧘PackardߣWolfram㧔1985㧕ߪ㧘2ᰴర CAℂ
⺰߇ᄙߊߩ‛ℂ♽ߩታ㛎ߦ⃻ࠇࠆࡄ࠲࡯ࡦᒻᚑ໧㗴ߩࡕ
࠺࡞ߣߒߡㆡ↪ߢ߈ࠆ߽ߩߣ⠨߃㧘෻ᔕ࡮᜛ᢔ♽㧘᮸⢽⁁
⚿᥏ᚑ㐳㧘ߘߒߡ㧘࠽ࡆࠛ࡮ࠬ࠻࡯ࠢࠬᣇ⒟ᑼࠍ᜼ߍߚޕ
ߘߒߡ㧘S. Wolfram㧔1986㧕ߪ㧘CAℂ⺰߆ࠄᵷ↢ߒߚ LGA
㧔Lattice Gas Automata㧕ᴺ ߇࠽ࡆࠛ࡮ࠬ࠻࡯ࠢࠬᣇ⒟ᑼߣࡑ
ࠢࡠ࡟ࡌ࡞ߢห୯ߣߥࠆߎߣࠍᢙቇ⊛ߦ␜ߒߚޕߎࠇએ
㒠㧘CAℂ⺰ߩᵹ૕⸃ᨆ߳ߩㆡ↪߇ㅴⴕߒߚ㧔଀߃߫㧘Frisch 
et al. 㧘1986㧕ޕߎߩࠃ߁ߦ㧘CAℂ⺰ߪ↢߈‛ߩ↢㐳㧔↢
૕⚵❱㧘ᬀ‛㧘ࡃࠢ࠹࡝ࠕߥߤ㧕㧘෻ᔕ࡮᜛ᢔ⃻⽎㧔↢‛
ߩ⚉᭽ᒻᚑ㧘␹⚻ߩೝỗવ㆐㧘ൻቇ෻ᔕߥߤ㧕㧘᧚ᢱ㧔⚵
❱ᄌൻߥߤ㧕㧘ࡈ࡜ࠢ࠲࡞⥄ὼ⃻⽎㧔⚿᥏ᚑ㐳㧘ಝ㓸ߥߤ㧕㧘
ἴኂ㧔᫪ᨋἫἴ㧘࿾㔡㧘࿾ߔߴࠅߥߤ㧕㧘੤ㅢ㧔㜞ㅦ㆏〝
ߩゞߩᵹࠇ㧕㧘⚻ᷣ㧔ᩣଔ㧘᥊᳇ߩᓴⅣߥߤ㧕ߥߤᄙߊߩ
ಽ㊁ߢㆡ↪ߐࠇߡ޿ࠆޕ 
CA ߪ㧘ࡕ࠺࡞߇න⚐ߢ޽ࠅ㧘࠮࡞㑆ߩන⚐ߥዪᚲ⊛⋧
੕૞↪㧔ࡒࠢࡠ࡟ࡌ࡞㧕߆ࠄ㧘ࡄ࠲࡯ࡦᒻᚑߦ߅ߌࠆਇⷙ
ೣᕈࠍ⥄ὼ⊒↢ߐߖߡⶄ㔀ߥ⃻⽎㧔ࡑࠢࡠ࡟ࡌ࡞㧕ࠍౣ⃻
ߢ߈ࠆ⸘▚ᚻᴺߢ޽ࠆޕߘߩߚ߼㧘ᓥ᧪ߩᚻᴺߢߪ࿎㔍ߢ
޽ߞߚᄙሹ⾰ౝㇱߩࡒࠢࡠߥᵹࠇߥߤࠍࠪࡒࡘ࡟࡯࡚ࠪ
ࡦߔࠆߎߣ߽น⢻ߢ޽ࠆޕㅢᏱߩ CAߪ㧘2ᰴరᐔ㕙ⓨ㑆
ࠍਃⷺᒻ޽ࠆ޿ߪ྾ⷺᒻᩰሶߦࠃࠅ㔌ᢔൻߒ㧘ฦᩰሶߩᰴ
ߩᤨ㑆ߦ߅ߌࠆ⁁ᘒࠍㄭធᩰሶߩ⃻࿷ߩ⁁ᘒ߆ࠄ᳿ቯߒ
ߡ޿ߊޕCA ߩ․ᓽࠍ߹ߣ߼ࠆߣએਅߩࠃ߁ߦߥࠆ
㧔Sudjono࡮㑐㧘2002㧕ޕ 
Ԙ หߓᄢ߈ߐߩဋ৻ߥ࠮࡞ࠍᗐቯߔࠆޕ 
ԙ ฦ࠮࡞ߪ k⒳㘃ߩ⁁ᘒࠍขࠆߎߣ߇ߢ߈ࠆޕ 
Ԛ ᰴࠬ࠹࠶ࡊᤨ㑆ߩ࠮࡞ߩ⁁ᘒ㧔⦡㧕ߪ⃻࿷ߩ⁁ᘒߣ
㓞ࠅว߁࠮࡞ߩ⁁ᘒߛߌߩዪᚲߥⷙೣߦࠃࠅ᳿߹
ࠆޕ 
ԛ ߢ߈਄߇ࠆࡄ࠲࡯ࡦߪೋᦼߩ࠮࡞ߩ⁁ᘒߣㆡ↪ߔ
ࠆⷙೣߦࠃߞߡ᳿߹ࠆޕ 
Ԝ ㆡ↪ⷙೣߣߒߡ㧘࠮࡞ߩⓨ㑆⊛ߥ๟࿐㧔ㄭធ㧕ߣߩ
ዪᚲ⋧੕૞↪ೣߩᤨ㑆⊛ߥ⁁ᘒࠍ⠨߃ߚㆫ⒖ೣ߇
޽ࠆޕ 
ోߡߩ࠮࡞ߩ⁁ᘒߪ㧘ⷙೣߦᓥ޿ࠬ࠹࠶ࡊᤨ㑆ߏߣߦห
ᤨߦᦝᣂߐࠇࠆޕ࠮࡞ߩ⁁ᘒߩᄌࠊࠅᣇߪ㧘⥄りߣ㓞ធߔ
ࠆ࠮࡞ߩ⁁ᘒߦଐሽߒ㧘ᓇ㗀ࠍਈ߃ࠆ࠮࡞ߩㆬ߮ᣇߥߤߦ
ࠃߞߡㆊ⒟߇᳿߹ࠆޕ2ᰴర CAߦ߅޿ߡ⠨ᘦߔࠆㄭற࠮
࡞ࠍ Fig. 90ߦ␜ߔޕ 
 
b 摩耗のモデル化 
ᧄࡕ࠺࡞ߢߪ 2 ᰴర CA ࠍㆡ↪ߒ㧘ኻ⽎㗔ၞࠍ Fig. 91
ߦ␜ߔࠃ߁ߦᱜᣇᩰሶ࠮࡞ߢ㔌ᢔൻߒ㧘ฦ࠮࡞ࠍ᳓࠮࡞㧘
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞㧘㛽᧚࠮࡞ߢ⴫⃻ߔࠆޕ⸘▚਄ߪ㧘
᳓࠮࡞ࠍ 0㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ࠍ 1㧘㛽᧚࠮࡞ࠍ 3 ߥ
ߤߢ⴫⃻ߔࠆޕฦ࠮࡞ߪࡓ࡯ࠕㄭறߦߒߚ߇ߞߡ๟࿐ 8ᣇ
ะߩ࠮࡞ߩᓇ㗀ࠍฃߌࠆޕኻ⽎㗔ၞߪ㧘᏷ 100㜞ߐ 30 mm
 
 
(a)ࡁࠗࡑࡦㄭற                  (b)ࡓ࡯ࠕㄭற 
Fig. 90 2ᰴర CAߦ߅޿ߡ⠨ᘦߔࠆ㓞ߩ࠮࡞ 
Two types of neighboring cells used in two-dimensional cellular 
automata model 
 
Fig. 91 ኻ⽎㗔ၞߩ㔌ᢔൻ 
Discretization of the model domain 
᳓
࠮ࡔࡦ࠻
ࡍ࡯ࠬ࠻
㛽᧚
 
Fig. 92 ኻ⽎㗔ၞ߅ࠃ߮㛽᧚㈩⟎ 
Arrangement of the aggregate in the model domain 
100 mm
24
 m
m
6 
m
m
ĭ20 mmĭ10 mmĭ mm
 
(a) ╬ᣇ            (b) Ꮐᣇᄢ           (c) ਄ᣇᄢ 
Fig. 93 ᳓࠮࡞߆ࠄฃߌࠆ៺⠻૞↪୯ߩ଀ 
㧔ਛᄩ࠮࡞߇࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞㧘๟࿐࠮࡞߇᳓࠮࡞㧕 
Examples of the erosion action values from neighboring water cells 
toward central cement paste cell 
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 ߣߒ㧘0.20.2 mmߩ࠮࡞ߢ㔌ᢔൻ㧔500150࠮࡞㧕ߒߚޕ
㗔ၞߩਅㇱ 24 mm ࠍ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߣߒ㧘ߘߩ਄ㇱ 6 
mmࠍ᳓ߣߒߚޕ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ㗔ၞߦߪ㧘⋥ᓘ 20 mm
ߩ㛽᧚ࠍ 2୘㧘10 mmࠍ 3୘㧘3 mmࠍ 10୘㈩⟎ߒߚ㧔Fig. 
92㧕ޕ 
ᧄࡕ࠺࡞ߢߪ៺⠻⃻⽎ࠍ㧘᳓ߣធߔࠆ⴫ጀߩ࠮ࡔࡦ࠻ࡍ
࡯ࠬ࠻߇㧘᳓߆ࠄജቇ⊛૞↪ࠍฃߌߡ∋ഭߒ㧘߿߇ߡ⎕უ
ߒߡ⣕㔌ߔࠆㆊ⒟ߣߒߚޕዪᚲㄭறೣߪ㧘એਅߩߣ߅ࠅߣ
ߒߚޕ 
Ԙ ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߪ㧘ㄭறߩ᳓࠮࡞߆ࠄ៺⠻૞
↪ࠍฃߌࠆޕ 
ԙ ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߪ㧘៺⠻૞↪ߩ⚥Ⓧ୯߇⣕㔌
㑣୯એ਄ߦߥࠆߣ⣕㔌ߔࠆ㧔᳓࠮࡞ߦᄌൻߔࠆ㧕ޕ
Ԛ 㛽᧚࠮࡞ߪ㧘ㄭற࠮࡞ߩ߁ߜ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮
࡞ߩභ߼ࠆഀว߇㛽᧚⣕㔌㑣୯એਅߣߥࠆߣ⣕㔌
ߔࠆ㧔᳓࠮࡞ߦᄌൻߔࠆ㧕ޕ
᳓࠮࡞߆ࠄฃߌࠆ៺⠻૞↪୯ߩ଀ࠍ Fig. 93 ߦ␜ߔޕߎ
ࠇߪ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߦኻߒߡ․ቯߩᣇะ߆ࠄߩ៺
⠻૞↪ࠍථ⿧ߐߖࠆߚ߼ߩ⸳ቯߢ޽ࠆޕ߹ߚ㧘㛽᧚࠮࡞⣕
㔌್ቯߪ㧘㛽᧚ߩㄭற࠮࡞ߩ߁ߜ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞
߇ 20%ߣߥߞߚᤨߦ⣕㔌ߔࠆߣߒߚޕ 
 
c Ca 溶脱のモデル化 
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻߆ࠄߩ Caṁ⣕ߪ㧘Caߩ᜛ᢔ⃻⽎ߣߒ
ߡࡕ࠺࡞ൻߒߚޕ1ᰴరߩ᜛ᢔᣇ⒟ᑼߪᰴߩࠃ߁ߦ⴫ߖࠆޕ 
 (9)
 
ߎߎߦ㧘u㧦CaỚᐲ㧘D㧦᜛ᢔଥᢙࠍ⴫ߔޕ߹ߚ㧘CAߢ
ߪ᜛ᢔଥᢙ Dߪᰴᑼߢኻᔕߐߖࠆߎߣ߇ߢ߈ࠆ㧔᫪ਅࠄ㧘
1998㧕ޕ 
(10) 
ᧄࡕ࠺࡞ߢߪ㧘න૏࠮࡞᏷㧦0.2 mm㧘න૏ᤨ㑆ࠬ࠹࠶ࡊ㧦
0.02ᐕߣߒߚޕ 
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߪ⁁ᘒ㊂ߣߒߡߩ Ca Ớᐲࠍ࠮࡞
ౝߩ Ca☸ሶᢙߢ⴫ߔޕฦᤨ㑆ࠬ࠹࠶ࡊߦ߅޿ߡ㧘Fig. 94
ߦ␜ߔࠃ߁ߦฦ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߪ㧘ࡁࠗࡑࡦㄭறߦ
ߒߚ߇ߞߡ᧲⷏ධർ࠮࡞ߦ╬ഀวߢ⥄࠮࡞ౝߩ Ca ☸ሶࠍ
ᝄࠅಽߌࠆޕㄭறߩ᧲⷏ධർ࠮࡞ߩ޿ߕࠇ߆߇㛽᧚࠮࡞ߢ
޽ࠆ႐วߦߪ㧘㛽᧚࠮࡞߳ߩ Ca☸ሶߩᝄࠅಽߌߪⴕࠊߕ㧘
ᱷࠅߩ࠮࡞ߢ╬ಽߦᝄࠅಽߌࠆޕ 
 
d 摩耗・Ca溶脱統合モデル 
Υ7 ߢᬌ⸛ߒߚࠃ߁ߦ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪ Ca ṁ⣕ߦ
઻޿㧘⠴៺⠻ᕈ߇ૐਅߔࠆޕߎࠇࠍᧄࡕ࠺࡞ߢታⵝߔࠆߚ
߼ߦ㧘Ca Ớᐲߩૐਅߒߚ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞ߪ᳓ߩ៺
⠻૞↪ߦࠃࠆ⚥Ⓧ૞↪୯ߩ㑣୯ࠍਅߍࠆߎߣߣߒߚޕฦᤨ
㑆ࠬ࠹࠶ࡊߦ߅޿ߡ㧘Ca Ớᐲߩ㑣୯್ቯ㧘࠮ࡔࡦ࠻ࡍ࡯
ࠬ࠻࠮࡞ߩ⣕㔌್ቯ㧘㛽᧚ߩ⣕㔌್ቯߩ㗅ߦታᣉߒߚޕ⸘
▚ࡈࡠ࡯ࠍ Fig. 95ߦ␜ߔޕ 
 
e シミュレーション 
ࠪࡒࡘ࡟࡯࡚ࠪࡦߪMathematica 7ߢታᣉߒߚޕFig. 93
ߩ៺⠻૞↪୯ࠍ↪޿ߚࠪࡒࡘ࡟࡯࡚ࠪࡦ⚿ᨐࠍ Fig. 96㧘
Fig. 97㧘Fig. 98ߦ␜ߔޕߎࠇࠄߩ࿑ࠃࠅ㧘ᰴߩߎߣ߇⺒ߺ
ขࠇࠆޕԘ㛽᧚ߩᄢዊ߅ࠃ߮㈩⟎ߩ⋧㆑ߦࠃࠄߕᄙዋߩಳ
ಲߪ޽ࠆ߽ߩߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪห⒟ᐲߩㅴⴕㅦᐲߢ
៺⠻ߔࠆ㧘ԙ⴫ጀઃㄭߢ㛽᧚㗂ㇱߦ޽ࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻
ߪਅጀ߆ࠄߩCaଏ⛎߇ή޿ߚ߼ߦCaỚᐲߩૐਅ߇ᄢ߈ߊ
ജቇ⊛ߥᒙㇱߣߥࠅ៺⠻ㅴⴕ߇ㅦ޿㧔Fig. 99㧕ޕ 
߹ߚ㧘╬ᣇ૞↪ࠍਈ߃ߚ႐วߩ Caṁ⣕᦭ήߦࠃࠆ 40ᐕ
ᓟߩ៺⠻⁁ᴫࠍ Fig. 100ߦ␜ߔޕᧄࡕ࠺࡞ߦ߅޿ߡߪ㧘ṁ
⣕ߩ᦭ή߇៺⠻ㅴⴕㅦᐲߦᄢ߈ߊᓇ㗀ࠍਈ߃ߡ޿ࠆߎߣ
߇⷗ߡขࠇࠆޕߒ߆ߒ㧘ߎߩ⚿ᨐߪ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻⣕
㔌㑣୯㧘Ca Ớᐲૐਅߦࠃࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞⣕㔌㑣
୯ߩ⸳ቯߦࠃߞߡᄢ߈ߊᓇ㗀ࠍฃߌߚߣ⠨߃ࠄࠇࠆޕߎߩ
ߚ߼㧘ߎߩ⚿ᨐߪ㧘޽ߊ߹ߢቯᕈ⊛ߥ௑ะߢ޽ࠆޕ 
ߐࠄߦ㧘਄ᣇ߆ࠄߩྃᵹࠍᗐቯߒߡ㧘ᭂ┵ߦ㋦⋥ਅᣇ߳
ߩ៺⠻૞↪ࠍਈ߃ߚ႐วࠍ Fig. 101ߦ␜ߔޕߎߩ႐ว㧘㛽
᧚ࠍ㗂ὐߣߔࠆ⓭⿠⁁ߩ⴫㕙߇ᒻᚑߐࠇߚޕߎߩ⴫㕙ᒻ⁁
ߪ㧘Υ4 ߅ࠃ߮Υ9 ߢᬌ⸛ߒߚ᳓ྃᵹ៺⠻⹜㛎ߩ⹜㛎૕߳
ߩⴣ⓭ⷺᐲߦࠃࠅᒻᚑߐࠇߚ⹜㛎૕ߩ⴫㕙ᒻ⁁ߣ㘃ૃߒ
ߡ޿ߚޕ 
 
 
Fig. 94 Ca☸ሶߩ᜛ᢔᣇะ߅ࠃ߮ഀว 
Direction and allocation of Ca particles diffusion 
 
Fig. 95 ⸘▚ࡈࡠ࡯࿑ 
Simulation flow diagram 
Start
⸘▚᧦ઙ⸳ቯ
Caṁ⣕⸘▚
៺⠻૞↪⸘▚
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻
⣕㔌⸘▚
⸘▚
⚳ੌ
End
Yes
No
㛽᧚⣕㔌⸘▚
 
1/4
1/4
1/4
1/4 1/3
1/3
1/3
1/2
1/2
  డ௨డ௧ = ܦ
డమ௨
డ௫మ
ܦ = ൫න૏࠮࡞᏷൯ଶ ቀ2 × ൫න૏ᤨ㑆ࠬ࠹࠶ࡊ᏷൯ቁൗ  
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t = 0 year 
t = 2 year 
t = 5 year 
t = 10 year 
t = 15 year 
t = 20 year 
t = 25 year 
t = 30 year 
t = 35 year 
Fig. 96 ޟ╬ᣇޠ૞↪ߩ៺⠻ㅴⴕ⁁ᴫ 
Erosion progress by the isotropic action 
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t = 0 year 
t = 2 year 
t = 5 year 
t = 10 year 
t = 15 year 
t = 20 year 
t = 25 year 
t = 30 year 
t = 35 year 
 
Fig. 97 ޟᏀᣇᄢޠ૞↪ߩ៺⠻ㅴⴕ⁁ᴫ 
Erosion progress by the left dominant action 
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t = 0 year 
t = 2 year 
t = 5 year 
t = 10 year 
t = 15 year 
t = 20 year 
t = 25 year 
t = 30 year 
t = 35 year 
Fig. 98 ޟ਄ᣇᄢޠ૞↪ߩ៺⠻ㅴⴕ⁁ᴫ 
Erosion progress by the upper dominant action 
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４ 結論 
ᧄ┨ߢߪ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ៺⠻ᯏ᭴ࠍ
ផቯߒ㧘࠮࡞ࠝ࡯࠻ࡑ࠻ࡦࠍ↪޿ߚࠪࡒࡘ࡟࡯࡚ࠪࡦࠍታ
ᣉߒߚޕᓧࠄࠇߚ⚿ᨐࠍએਅߦ␜ߔޕ 
(1) ታ᳓〝᭴ㅧ‛ߩ៺⠻ㅦᐲߩᬌ⸛߅ࠃ߮ណขࠦࠕߩ
⴫㕙ⷰኤߩ⚿ᨐ߆ࠄ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅
ߌࠆ៺⠻⃻⽎ߪ㧘ࠦࡦࠢ࡝࡯࠻ਛߩ⚿ว᧚ᢱߢ޽ࠆ
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ⎕უߦ઻޿㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻
ߦ࿕ቯߐࠇߡ޿ߚ㛽᧚߇⣕㔌ߔࠆ⃻⽎ߢ޽ࠆߣផ
ቯߐࠇߚޕ 
(2) ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩ⎕უߦ૞↪ߔࠆߩߪ㧘᳓߅ࠃ߮
⍾☸ሶߦࠃࠆജቇ⊛૞↪ߣൻቇ⊛૞↪ߩ 2⒳ߩ૞↪
ߢ޽ࠅ㧘ߎߩਔ૞↪ߩⶄว૞↪ߦࠃࠅ㧘ㄘᬺ↪ࠦࡦ
ࠢ࡝࡯࠻᳓〝ߩ៺⠻߇ㅴⴕߒߡ޿ࠆߣផቯߐࠇߚޕ 
(3) ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ៺⠻ㆊ⒟ߪᰴߩ
ࠃ߁ߦផቯߐࠇߚޕԘ᳓ߣធ⸅ߔࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ
࠻ߪ Caṁ⣕߇ㅴⴕߔࠆ㧘ԙCaṁ⣕ߒߚ࠮ࡔࡦ࠻ࡍ
࡯ࠬ࠻ߪ⚦ሹ㊂߇Ⴧടߒ㧘⚵❱᭴ㅧ߇☻ߣߥࠆ㧘Ԛ
⚵❱᭴ㅧ߇☻ߣߥߞߚ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪᒝᐲ߇
ૐਅߔࠆ㧘ԛᒝᐲ߇ૐਅߒߚ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߦ᳓
ᵹ߅ࠃ߮⍾☸ሶ߇ⴣ⓭ߔࠆߣ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪ
∋ഭ߹ߚߪಾ೥⎕უࠍ↢ߓ⣕㔌ߔࠆ㧘Ԝ࠮ࡔࡦ࠻ࡍ
࡯ࠬ࠻ߩ⣕㔌߇ㅴⴕߔࠆߣ㧘࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߦ࿕ 
ቯߐࠇߡ޿ߚ㛽᧚ߩ⣕㔌߇↢ߓࠆޕ 
(4) ࠮࡞ࠝ࡯࠻ࡑ࠻ࡦߦࠃࠆࠪࡒࡘ࡟࡯࡚ࠪࡦߩ⚿ᨐ㧘
㛽᧚ߩᄢዊ߅ࠃ߮㈩⟎ߩ⋧㆑ߦࠃࠄߕᄙዋߩಳಲ
ߪ޽ࠆ߽ߩߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪห⒟ᐲߩㅴⴕㅦ
ᐲߢ៺⠻ߔࠆߎߣ㧘߹ߚ㧘⴫ጀઃㄭߢ㛽᧚਄ߦ޽ࠆ
࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪ Ca Ớᐲߩૐਅ߇ᄢ߈ߊജቇ⊛
ߥᒙㇱߣߥࠆߎߣ߇␜ໂߐࠇߚޕ 
(5) ᧄ CAࡕ࠺࡞ߦ߅޿ߡߪ㧘ṁ⣕ߩ᦭ή߇៺⠻ㅴⴕㅦ
ᐲߦᄢ߈ߊᓇ㗀ࠍਈ߃ߡ޿ࠆߎߣ߇⷗ߡขࠇߚޕߒ
߆ߒ㧘ߎߩ⚿ᨐߪ㧘ᧄࡕ࠺࡞ߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻⣕
㔌㑣୯㧘CaỚᐲૐਅߦࠃࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞⣕
㔌㑣୯ߩ⸳ቯߦࠃߞߡᄢ߈ߊᓇ㗀ࠍฃߌߚߣ⠨߃
ࠄࠇߚޕ 
(6) ਄ᣇ߆ࠄߩྃᵹࠍᗐቯߒߚࠪࡒࡘ࡟࡯࡚ࠪࡦߩ⚿
ᨐ㧘㛽᧚ࠍ㗂ὐߣߔࠆ⓭⿠⁁ߩ⴫㕙߇ᒻᚑߐࠇ㧘᳓
ྃᵹ៺⠻⹜㛎ߩ⹜㛎૕߳ߩⴣ⓭ⷺᐲߦࠃࠅᒻᚑߐ
ࠇߚ⹜㛎૕ߩ⴫㕙ᒻ⁁ߣ㘃ૃߒߡ޿ࠆߎߣ߇␜ߐ
ࠇߚޕ 
 
Ⅴ 水路構造材料の促進摩耗試験 
 
１ 緒論 
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩഠൻߩ৻ߟߢ޽ࠆ៺⠻⃻⽎
ߦߟ޿ߡߪ㧘ߘߩ៺⠻ᯏ᭴߇චಽߦ⸃᣿ߐࠇߡ޿ߥ޿ޕߘ
ߩߚ߼㧘᳓〝᭴ㅧ᧚ᢱߢ޽ࠆࠦࡦࠢ࡝࡯࠻߅ࠃ߮⵬ୃ᧚ᢱ
ߩ⠴៺⠻ᕈ⹏ଔߦㆡߒߚଦㅴ៺⠻⹜㛎߽⏕┙ߐࠇߡ޿ߥ
޿⁁ᴫߦ޽ࠆޕ᳓〝᭴ㅧ᧚ᢱߦ߽ㆡ↪น⢻ߣ⠨߃ࠄࠇࠆⷙ
ቯൻߐࠇߚ⠴៺⠻ᕈ⹏ଔ⹜㛎ߣߒߡߪ㧘ASTM C 1138߇޽
 
ታ៺⠻ 
 
ଦㅴ៺⠻ 
Fig. 102 E࿾඙ណขࠦࠕߩታ៺⠻⴫㕙߅ࠃ߮ଦㅴ៺⠻⴫㕙ߩ
Ყセ 
㧔౮⌀਄ㇱߦ⷗߃ࠆࠬࠤ࡯࡞ߪ㧘1⋡⋓ 1 mmࠍ⴫␜㧕 
Comparison of eroded surface states of actual canal surface and 
accelerated erosion surface from the collected cores from the actual 
canal 
 
Fig. 99 Caṁ⣕߇ㅴⴕߒ⣀ᒙൻߒߡ޿ࠆ㛽᧚㗂ㇱߩ㗔ၞ 
Weakening of cement cells above the aggregate along with Ca 
leaching 
㛽材
水
䉶メン䊃䊕䊷䉴䊃 䉶メン䊃䊕䊷䉴䊃
  
(a) Caṁ⣕᦭                (b) Caṁ⣕ήߒ 
Fig. 100 ޟ╬ᣇޠ૞↪ߦ߅ߌࠆṁ⣕᦭ή೎ߩ 40ᐕᓟߩ៺⠻
⁁ᴫ 
Eroded states after 40 years by the isotropic action with and 
without Ca leaching 
  
        (a) 20ᐕᓟߩ៺⠻⁁ᴫ           (b) ៺⠻૞↪୯ 
Fig. 101 ਄ᣇྃᵹ 
Eroded state after 20 years by the upper dominant jet flow 
5
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 ࠆ㧔Liu㧘1981㧧⍹↰㧘2007㧧㜞㊁ࠄ㧘2009㧕ޕASTM C 1138
ߪ㧘⹜㛎૕ᒻ⁁ߩ೙⚂߇޽ࠅ㧘ታ᭴ㅧ‛ណขࠦࠕߦࠃࠆ⹜
㛎߇࿎㔍ߢ޽ࠆߣ޿߁⺖㗴߇޽ࠆޕ߹ߚ㧘ห⹜㛎ߢ↪޿ࠆ
3⒳ߩ㋕⃿ߩ⋥ᓘߪ㧘13 mm㧘19mm㧘25 mmߢ޽ࠅ㧘ㄘᬺ
↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩ஥ო߳ⴣ⓭ߔࠆߣ⠨߃ࠄࠇࠆᶋㆆ
⍾ߦኻߒߡ߆ߥࠅᄢ߈޿ߎߣ߆ࠄ㧘⃻⽎ࠍᮨᡆߔࠆ⹜㛎ᣇ
ᴺߣߒߡߪㆡಾߢߥ޿ߣ್ᢿߐࠇࠆޕ৻ᣇ㧘᳓ྃᵹࠍ೑↪
ߒߚ៺⠻⹜㛎㧔⍹␹ࠄ㧘2005㧕߿㧘᳓ྃᵹߦ⃯⍾ࠍᷙ౉ߒ
ߚ៺⠻⹜㛎㧔㐳᧤ࠄ㧘2010㧕߇ࠛࡠ࡯࡚ࠫࡦ៺⠻ࠍౣ⃻ߢ
߈ࠆଦㅴ៺⠻⹜㛎ߣߒߡឭ᩺ߐࠇߡ޿ࠆޕ 
ᧄ┨ߢߪ㧘╙Τ┨߆ࠄ╙Φ┨߹ߢߩ⚿ᨐࠍၮߦ᳓〝᭴ㅧ
᧚ᢱߩଦㅴ៺⠻⹜㛎ߦߟ޿ߡᬌ⸛ߒ㧘⹜㛎᧦ઙ᩺ࠍឭ␜ߔ
ࠆޕ 
 
２ 水噴流摩耗試験機の摩耗機構 
ᧄ⺰ߢ૶↪ߒߚᣥဳ᳓ྃᵹ៺⠻⹜㛎ᯏ㧔Fig. 32㧕߅ࠃ߮
ᣂဳ᳓ྃᵹ៺⠻⹜㛎ᯏ㧔Fig. 76㧕ߣ߽⹜㛎૕ࠍ៺⠻ߐߖࠆ
࿃ሶߪࡁ࠭࡞߆ࠄฯ಴ߐࠇࠆᶧṢߢ޽ࠅ㧘៺⠻ᯏ᭴ߪᶧṢ
ⴣ⓭ࠛࡠ࡯࡚ࠫࡦߣߥࠆޕታ᳓〝ߦ߅ߌࠆ៺⠻ߪ᳓ᵹߦࠃ
ࠆࠛࡠ࡯࡚ࠫࡦߢ޽ࠅ㧘៺⠻ᯏ᭴ߪ⇣ߥࠆߣ⠨߃ࠄࠇࠆޕ
ߒ߆ߒ㧘Fig. 102ߦ␜ߔࠃ߁ߦ⃻࿾ߩታ៺⠻⴫㕙ߣଦㅴ⹜
㛎ᓟߩ៺⠻⴫㕙ߣߢߪ㧘⚦㛽᧚๟ࠅߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻߇
⣕㔌ߒߡ޿ࠆ⁁ᴫߥߤ߇⋧ૃߒߡ޿ࠆࠃ߁ߦ⷗߃ࠆޕߎߩ
ߚ߼㧘ᧄ⹜㛎ᯏߪ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ᭴ㅧ
᧚ᢱߩଦㅴ៺⠻⹜㛎ᯏߣߒߡㆡಾߢ޽ࠆߣ್ᢿߐࠇࠆޕ 
 
３ 標準試験条件 
᳓ྃᵹ៺⠻⹜㛎ߩᮡḰ⹜㛎᧦ઙࠍ JIS R 1645ޟࡈࠔࠗࡦ
࠮࡜ࡒ࠶ࠢࠬߩྃᵹࠛࡠ࡯࡚ࠫࡦ⹜㛎ᣇᴺޠߦߥࠄ޿㧘
Table 20ߦ␜ߔޕΥ9ߢᬌ⸛ߒߚࠃ߁ߦ⣀ᕈ᧚ᢱߩࠛࡠ࡯
࡚ࠫࡦ៺⠻ߦ߅޿ߡߪ㧘ᶧ Ṣߩⴣ⓭ⷺᐲ߇ 90qߦㄭ޿߶ߤ
៺⠻㊂߇ᄢߣߥࠆ߇㧘ᒻᚑߐࠇࠆ⴫㕙ᒻ⁁ࠍ⠨ᘦߒ㧘ⴣ⓭
ⷺᐲ 45qࠍㆬቯߒߚ޿ޕ 
 
４ 標準試験体 
ߤߩࠃ߁ߥ⹜㛎ᯏߦ߅޿ߡ߽⹜㛎ᯏߩᕈ⢻ࠍ଻⸽ߔࠆ
ߚ߼ߩࠠࡖ࡝ࡉ࡟࡯࡚ࠪࡦߪ㊀ⷐߢ޽ࠆࠠޕ ࡖ࡝ࡉ࡟࡯ࠪ
࡚ࡦ߇น⢻ߣߥߞߡೋ߼ߡ㧘࠺࡯࠲ߩା㗬ᕈ߇ᓧࠄࠇ㧘⇣
ߥࠆ⹜㛎ᯏ㑆ߦ߅ߌࠆ࠺࡯࠲ߩᲧセ߽น⢻ߣߥࠆࠠޕ ࡖ࡝
ࡉ࡟࡯࡚ࠪࡦࠍታᣉߔࠆߚ߼ߦߪ㧘ᮡḰߣߥࠆ⹜㛎૕߇ᔅ
ⷐߣߥࠆޕߎߎߢߪᮡḰ⹜㛎૕ߣߒߡ㧘JIS R 5201ޟ࠮ࡔ
ࡦ࠻‛ℂ⹜㛎ᣇᴺޠߦⷙቯߐࠇߚ⾰㊂Ყߢ࠮ࡔࡦ࠻ 1㧘ᮡ
Ḱ⍾ 3㧘᳓࠮ࡔࡦ࠻Ყ 0.50ߩ JISࡕ࡞࠲࡞ࠍឭ᩺ߒߚ޿ޕ
߹ߚ㧘૶↪ߔࠆ࠮ࡔࡦ࠻߅ࠃ߮ᮡḰ⍾ߪ㧘␠࿅ᴺੱ࠮ࡔࡦ
࠻දળߩ࠮ࡔࡦ࠻ᮡḰ⹜ᢱ߅ࠃ߮࠮ࡔࡦ࠻ᒝߐ⹜㛎↪ᮡ
Ḱ⍾ࠍ↪޿ࠆߎߣߣߒߚ޿ޕ᧚ᢱࠍ⛉ࠅㄟ߻ߎߣߢ㧘ᮡḰ
⹜㛎૕ߩ៺⠻․ᕈߦ߫ࠄߟ߈߇ዊߐߊߥࠆ߽ߩߣ⠨߃ࠄ
ࠇࠆޕ 
ᮡḰ⹜㛎૕ߩኸᴺ߅ࠃ߮ᒻ⁁ߪ㧘707020 mmߩ⋥ᣇ
૕ߣߒ㧘ဳᨒߦᛂ⸳ߒߡ૞⵾ߔࠆޕ߹ߚ㧘⹜㛎૕ߩ⹏ଔ㕙
ߪ㧘7070 mmߩ㕙ߣߔࠆޕߥ߅㧘⹏ଔ᧚ᢱߩᒻ⁁߅ࠃ߮
ኸᴺߪᮡḰ⹜㛎૕ߣหߓߣߒ㧘⃻࿾ណขࠦࠕ߆ࠄಾࠅ಴ߔ
 
Table 20 ᳓ྃᵹ៺⠻⹜㛎ߩ⹜㛎᧦ઙ㧔᩺㧕 
Test conditions for water jet erosion test (draft) 
㗄⋡ JIS R 1645 ᳓ྃᵹ៺⠻⹜㛎 
ࡁ࠭࡞౉ญ᷷ᐲ 200r5͠ 㧙 
ࡁ࠭࡞౉ญ࿶ജ 17r0.5 MPa 15r0.1 MPa 
ྃᵹߩᵹ㊂ ⸵ኈᏅ߇᷹ቯᵹ㊂ߦኻߒr1.5%એౝߩᵹ㊂⸘ߦߡ᷹ቯ 0.022r0.001 m
3/min 
ྃᵹߩⴣ⓭ⷺᐲ ⹜㛎 ⹏ଔ㕙ߦኻߒߡ ⋥ⷺ 
⹜㛎૕⹏ଔ㕙ߦኻߒߡ 
45q 
ࡁ࠭࡞߆ࠄ⹜㛎 ߹ߢߩ〒㔌 10 mm 50 mm 
ࡁ࠭࡞ᒻ⁁ Ǿ0.3 mm1.0 mm 
਄⸥ࡁ࠭࡞߆ࠄ⹜㛎 ߹ߢߩ〒㔌
ࠍ଻ᜬߒߚ߹߹ߢ㧘⹜㛎૕⹏ଔ㕙ਛ
ᄩㇱߩ 5050 mm྾ᣇߦኻߒߡ㧘ᚸ
ᒻߢဋ╬ߥᵹ㊂ಽᏓࠍⴣ⓭ߐߖࠆߎ
ߣ߇น⢻ߥᒻ⁁ޕ 
⹜㛎૕ߩ࿁ォ 㧙 
⹜㛎૕ߪྃᵹߩⴣ⓭ⷺᐲࠍ⛽ᜬߒ
ߚ߹߹⹏ଔ㕙ߦኻߒߡ᳓ᐔߦ⥄ォߐ
ߖࠆޕ 
᳓⾰ ⚐᳓㧔⣕ࠗࠝࡦ᳓㧕 ᳓㆏᳓ 
ᤨ㑆 48ᤨ㑆ߣߒ㧘ᔅⷐߦᔕߓߡ㧘ᤨ㑆ࠍᑧ㐳ߔࠆޕ 
4 ᤨ㑆ߣߒ㧘ᔅⷐߦᔕߓߡ㧘ᤨ㑆
ࠍᑧ㐳ߔࠆޕ 
4ᤨ㑆ߩ߁ߜ㧘15ಽ㧘30ಽ㧘1㧘2
ᤨ㑆ߢ⹜㛎ࠍ৻ᤨ஗ᱛߒߡ៺⠻㊂ࠍ
᷹ቯߔࠆޕ 
ࡁ࠭࡞ߩ੤឵ 
਄⸥ࡁ࠭࡞౉ญ᷷ᐲߦኻߒߡ㧘ᵹ㊂
৻ቯߩరߢࡁ࠭࡞౉ญ࿶ജ߇⛽ᜬߢ߈
ߥߊߥߞߚᤨὐߢࡁ࠭࡞ࠍ੤឵ߔࠆޕ
ࡁ࠭࡞౉ญ࿶ജ৻ቯߩరߢᵹ㊂߇
⛽ᜬߢ߈ߥߊߥߞߚᤨὐߢࡁ࠭࡞ࠍ
੤឵ߔࠆޕ 
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 ࠃ߅ᴺኸߩ૕㛎⹜ޕࠆߔ⵾૞ߡߒ⸳ᛂߦᨒဳߩᴺኸห㧘߆
⃻㧘ߪߡߒߣ↱ℂߚߒߣ૕ᣇ⋥ߩmm 020707 ࠍ⁁ᒻ߮
ᒻ⍱ࠆߔធౝߦ౞ߩ㕙ᢿߩ㧕mm 001Ǟ߇ߊᄙ㧔ࠕࠦขណ࿾
߹㧘ߣߎߥᤃኈ߇⵾૞૕㛎⹜ࠅߥߣ mm 0707 ߇ߟ৻ߩ
ࠆߌઃࠅขߦౕᴦᯏ㛎⹜ߢߣߎࠆߔߣᒻᣇᱜࠍ㕙㛎⹜㧘ߚ
߈ߢ೙ᛥࠍࠅ஍ߩ⠻៺ࠅߥߣ⢻นቯㆬߦᗧછࠍะᣇ4 ߦ㓙
ࡐޟ1711 A SIJ ߪᨒဳߩmm 020707㧘ߦࠄߐ㧘ߣߎࠆ
ၮߩ㛎⹜ߐᒝ⌕ធߩޠᴺᣇ㛎⹜ߩ࡞࠲࡞ࡕ࠻ࡦࡔ࠮࡯ࡑ࡝
߇ߣߎࠆ޽ߢᤃኈ߇ᚻ౉ࠅ߅ߡࠇߐ⽼Ꮢߡߒߣ↪⵾૞᧼
 ޕࠆࠇࠄߍ᜼
ޕࠆߥ⇣߇ᐲᒝ⃻⊒ߩߘࠅࠃߦ㦂᧚㧘ߪᢱ᧚♽࠻ࡦࡔ࠮
ᷓ⠻៺ဋᐔߩᣣ49 ߣᣣ82 㦂᧚ߩ࡞࠲࡞ࡕSIJ ߦ301 .giF
޿↪ࠍᯏ㛎⹜ဳᣥߪ㛎⹜ߩߎ㧘߅ߥޕߔ␜ࠍൻᄌᤨ⚻ߩߐ
Ꮕߩmm 4.2 ߦߐᷓ⠻៺ဋᐔߢ㑆ᤨ02 㛎⹜ޕߚࠇߐᣉታߡ
␜߇ߣߎࠆ޿ߡߞߥߊ㜞߇ᕈ⠻៺⠴ߩᣣ 49 㦂᧚㧘ߓ↢߇
ࠆ޽ߢᣣ 82 ߇㦂᧚㛎⹜ߥ⊛Ḱᮡߩ࠻࡯࡝ࠢࡦࠦޕߚࠇߐ
ࠠߦᣣ 82 ߽㦂᧚ߩ૕㛎⹜Ḱᮡߡߖࠊวߦࠇߘ㧘ࠄ߆ߣߎ
 ޕ޿ߚߒߣߣߎࠆߔࠍࡦ࡚ࠪ࡯࡟ࡉ࡝ࡖ
 
 標指価評 ５
ᷫ㊂⾰㧘㊂ዋᷫⓍኈ㧘ߪߡߒߣᮡᜰଔ⹏ߩ㛎⹜⠻៺ㅴଦ
៺㧘ߪߡ޿߅ߦ┨Υ╙ޕࠆࠇࠄ޿↪߇ߤߥߐᷓ⠻៺㧘㊂ዋ
⠻៺㧘ߪ↱ℂߚ޿↪ࠍߐᷓ⠻៺ޕߚߒ⸛ᬌߡ޿↪ࠍߐᷓ⠻
ߣߎࠆߔីᛠߦ⊛㊂ቯࠍ⁁ᒻ㕙⴫߹߹ߩߘ߇᷹⸘ߩߐᷓ
ߡߓ↢߇ߤߥߌᰳߩ૕㛎⹜ߦਛ㛎⹜㧘ߚ߹㧘ߣߎࠆ߇❬ߦ
ߥᒝ㗎ߊߥዋ߇ߣߎࠆߌฃࠍ㗀ᓇ߇୯᷹⸘ߩߐᷓ⠻៺߽
ࠆߌ߅ߦ‛ㅧ᭴ታ㧘ߦࠄߐޕࠆࠇࠄߍ᜼߇ߣߎࠆ޽ߢᮡᜰ
㧘ࠄ߆ߣߎࠆߥߣᮡᜰߩߘ߇ߐᷓ⠻៺㧘ߪីᛠߩ⽎⃻⠻៺
 ޕࠆߥߣᤃኈ߇セᲧߩߣᨐ⚿㛎⹜⠻៺ㅴଦ
 
 さ深耗摩 a
┨Υ╙㧘ࠇࠄ޿↪ߊᄙ߇ߐᷓ⠻៺ဋᐔߪߡߒߣߐᷓ⠻៺
╙㧘ߒ߆ߒޕߚ߼ㅴࠍ⺰⼏ߦరࠍߐᷓ⠻៺ဋᐔ߽ߡ޿߅ߦ
ࠆߌ߅ߦ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘߦ߁ࠃߚࠇߐ␜ߢ┨Φ
៺ߡߒ⋡⌕ߦߣߎࠆ޽ߢუ⎕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮߇⠻៺
࡯ࠩ࡯࡟ߪ᷹⸘ߩߐᷓ⠻៺ޕࠆ޽߇ⷐᔅࠆߔីᛠࠍ⽎⃻⠻
ߩߢ߹㕙⴫ߩ‛⽎ኻࠄ߆㕙Ḱၮࠆ޽ߡ޿↪ࠍߤߥ⸘૏ᄌ
ߔቯ▚ߡߒဋᐔࠍ࠲࡯࠺ߩߢౝ㐳Ḱၮࠆ޽㧘ߒቯ᷹ࠍ㔌〒
 ޕࠆߥߣߣߎࠆ
㧘ߪߢ߹ࠆߔ㔌⣕߇᧚㛽㧘߽ߡߒⴕㅴ߇⠻៺㧘߇ࠈߎߣ
ߎࠆ߃ਈࠍ㗀ᓇߦߐᷓ⠻៺ߩ૕ో߇ߐᷓ⠻៺ߩ㕙⴫᧚㛽
៺ߩߌ߆⷗ޕࠆߥߣߐᷓ⠻៺ߩߌ߆⷗㧘ࠅ߹ߟޕࠆߥߣߣ
ࠆߔଔ⹏ዊㆊࠍ㧕࠻ࡦࡠࡈ⠻៺㧔ߐᷓ⠻៺ߩ⌀㧘ߪߐᷓ⠻
߃ਈࠍ㗀ᓇߦᕈਭ⠴ߩ࠻࡯࡝ࠢࡦࠦ㧘߫߃଀ޕࠆߥߣߣߎ
⠨ߣಾㆡ߇ߩ߁ⴕߢ࠻ࡦࡠࡈ⠻៺㧘ߪଔ⹏ߩࠅᱷൻᕈਛࠆ
401 .giF㧘ߪߡߒߣᴺᣇቯ▚ߩ࠻ࡦࡠࡈ⠻៺ߩߎޕࠆࠇࠄ߃
ࡦࡠࡈ⠻៺ߢၞ㗔ߚ޿㒰ࠍಽㇱ᧚㛽ߩ㕙⴫⠻៺ߦ߁ࠃߩ
ޕࠆࠇࠄ߃⠨߇ߣߎࠆขࠍ୯ဋᐔߡߒ᷹⸘ࠍ㔌〒ߩߢ߹࠻
ߩⷰਥߩ⠪᷹⸘㧘ߣߎࠆ߆߆߇ജഭߪߢᴺᣇߩߎ㧘ߒ߆ߒ
ߩࠆߥߣⷐᔅޕ޿ߥߪߢ⊛ታ⃻ࠄ߆ߣߎࠆߊߡ಴߇㗀ᓇ
ࠆߔ㒰ឃߌߛࠆ߈ߢࠍ㗀ᓇߩ᧚㛽ߦ୯ቯ▚ߩߐᷓ⠻៺㧘ߪ
 ޕࠆ޽ߦߣߎ
ࠇߘ㧘߼᳞ࠍ₸Ⓧ㕙ߩ᧚㛽ࠆߔ⃻಴ߦၞ㗔᷹⸘㧘ߢߎߘ
㧘ߪߢߎߎޕߚ߃⠨ࠍᴺᣇࠆߔቯ▚ࠍ࠻ࡦࡠࡈ⠻៺ߦరࠍ
ᦠᣇ␜Ḱᮡ࠻࡯࡝ࠢࡦࠦޕࠆߔ⸛ᬌߦ଀ࠍ࠻࡯࡝ࠢࡦࠦ
᧚㛽ߚ߼᳞ߦరࠍว㈩ᣇ␜ߥ⊛Ḱᮡࠆࠇߐ␜ߢ㨉✬Ꮏᣉ㨇
᧚ฦ㧘߅ߥޕࠆ޽ߢ12 elbaT ߇₸Ⓧ㕙㧕᧚㛽☻㧗᧚㛽⚦㧔
࡯࡝ࠢࡦࠦ㧘ߪߣ₸Ⓧ㕙᧚㛽ޕߚߒߣ22 elbaT ߪᐲኒߩᢱ
୯ߚߒ㒰ߢⓍኈ࠻࡯࡝ࠢࡦࠦࠍⓍኈ᧚㛽ࠆࠇ߹฽ߦਛ࠻
ߦ૕ో㕙ᢿಾߦᤨߚߒᢿಾߢ㕙ߩᗧછࠍ࠻࡯࡝ࠢࡦ 㧘ࠦߢ
୯ᄢᦨ㧘%3.26 ߪ୯ዊᦨޕߔ⴫ࠍ୯ᓙᦼߩⓍ㕙᧚㛽ࠆ߼භ
୯ߩࠄࠇߎ㧘ߒߛߚޕߚߞߥߣ%9.66 ߪ୯ဋᐔ㧘%1.17 ߪ
ࡦࡠࡈ⠻៺㧘ߪߦ㓙ታ㧘ࠅ޽ߢ୯ࠆߌ߅ߦ㕙ᢿಾߩᗧછߪ
₸Ⓧ㕙᧚㛽ߡߓ↢߇ࠅߥ㊀ߩ㕙ߩᗧછߦ߽ߣߣⴕㅴߩ࠻
ࠍ₸Ⓧ㕙᧚㛽㧘ߪߢߎߎޕࠆࠇߐቯផߣࠆߥߊ߈ᄢዋᄙߪ
 ޕࠆߔቯ⸳ߣ%07
࠲࡯࠺㔌〒᷹⸘ߩߢ߹㕙⴫⠻៺ߩ㓙ታࠄ߆✢Ḱၮߦᰴ
ࠄ߆㧕޿㜞߇ᕈ⢻นࠆ޽ߢ࠲࡯࠺ߩ㕙⴫᧚㛽㧔୯ߥߐዊࠍ
ᦧ߮ਗߢ߹㧕޿㜞߇ᕈ⢻นࠆ޽ߢ࠻ࡦࡠࡈ⠻៺㧔୯ߥ߈ᄢ
ߩ%03 ࠅᱷ㧘ߕࠊ૶ߪߢ߹%07 ࠄ߆ᣇ޿ߐዊߩ࠲࡯࠺㧘߃
ဋᐔ㧘ว႐ߩߘޕࠆߔቯ▚ࠍ࠻ࡦࡠࡈ⠻៺ߡ޿↪ࠍ࠲࡯࠺
ࠍ㗀ᓇߩ୯ࠇᄖ߇ᣇߩ୯ᄩਛ㧘߇ࠆࠇࠄ߃⠨߇୯ᄩਛߣ୯
⠨ߣࠆ޽ߢಾㆡࠄ߆ߣߎࠆ޽ߢஜ㗎ࠅࠃߦ߼ߚ޿ߥߌฃ
ਗߦ㗅᣹ࠍ࠲࡯࠺ߪᴺᣇߩߎ㧘ว႐ࠆ޿↪ࠍ୯ᄩਛޕࠆ߃
 ޕࠆ޽ߢߓหߣߣߎࠆ߼᳞ࠍὐ%58 ߩว႐ߚߴ
࡯࠺ߩ㛎⹜⠻៺ㅴଦߩࠕࠦㇱਛ᳓ო஥඙࿾E㧘ߡߒߣ଀
߶ὐ࠻ࡦ࠮࡯ࡄߥ߈ᄢ㧘ࠅࠃ࿑ߩߎޕߔ␜ߦ501 .giF ࠍ࠲
ᓇߩ୯ࠇᄖߪߢ߹ὐ%59㧘߇ࠆߥߊ߈ᄢ߇୯ࠅࠃ୯ဋᐔߤ
 
ᐔߩ૕㛎⹜ߩᣣ49 ߮ࠃ߅ᣣ82 㦂᧚ߩ࡞࠲࡞ࡕSIJ 301 .giF
 ൻᄌᤨ⚻ߩߐᷓ⠻៺ဋ
 dna 82 ega lairetam gnisu emit tset susrev htped noisore egarevA
 ratrom SIJ fo syad 49
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 ၞ㗔᷹⸘ߐᷓ⠻៺ߩ⌀ߣ࠻ࡦࡠࡈ⠻៺ 401 .giF
 noiger tnemerusaem eht dna noitisop tnorf noisore eht fo stpecnoC
 htped noisore eurt fo
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ၞ㗔᷹⸘ߐᷓ⠻៺ߩ⌀
究研るす関に験試耗摩進促びよお構機耗摩るけおに路水トーリクンコ用業農：勝敷嘉渡74
 㗀ࠍᄢ߈ߊฃߌߡ޿ߥ޿ߎߣ㧘߹ߚ㧘ᦨᄢ୯㧔100%ὐ㧕
ߪᄖࠇ୯ߩᓇ㗀ࠍฃߌߡ޿ࠆߎߣ߇⺒ߺขࠇࠆޕᐔဋ୯ߦ
ኻߔࠆᲧߢߪ㧘85%ὐߢ 2.1㨪2.4୚㧘95%ὐߢ 2.7㨪3.4୚
ߣ޿߁⚿ᨐ߇ᓧࠄࠇߚޕએ਄ߩ⚿ᨐࠃࠅ㧘៺⠻ᷓߐߩᜰᮡ
ߣߒߡߪ㧘⌀ߩ៺⠻ࡈࡠࡦ࠻ᷓߐߦㄭ޿ߣ⠨߃ࠄࠇࠆ 85
㨪95%ὐࠍ↪޿ࠆߎߣࠍឭ᩺ߒߚ޿ޕ 
85㨪95%ὐࠍ↪޿ࠆߎߣߦࠃࠅ㧘ࠦࡦࠢ࡝࡯࠻ߩଦㅴ៺
⠻⹜㛎ߦ߅ߌࠆ೽ᰴ⊛ߥലᨐ߽ᦼᓙߢ߈ࠆޕΥ10ߢᬌ⸛ߒ
ߚࠃ߁ߦ⃻࿾ࠦࠕࠍ↪޿ߡᧄ᧪ߩࠦࡦࠢ࡝࡯࠻ߩ⠴៺⠻
ᕈࠍ⹏ଔߒࠃ߁ߣߔࠆ႐ว㧘៺⠻૞↪ࠍฃߌߡ޿ߥ޿ߢ߈
ࠆߛߌᐔṖߥ⴫㕙ࠍ฽߻ࠦࠕࠍណขߔࠆᔅⷐ߇޽ࠆޕߒ߆
ߒ㧘ߘߩࠃ߁ߥࠦࠕߩណข߇࿎㔍ߥ႐ว㧘߹ߚߪ㧘⴫㕙߇
ൻቇ⊛ᄌ⾰ࠍ↢ߓߡ޿ߡೋᦼߩࠦࡦࠢ࡝࡯࠻ߣᕈ⁁߇⋧
㆑ߔࠆ႐วߦߪ㧘ណขࠦࠕࠍಾᢿߒߡஜోߥᐔṖ㕙ࠍ಴ߔ
ᔅⷐ߇↢ߓࠆޕ߹ߚ㧘ណขߒߚࠦࠕߩ៺⠻․ᕈ߇ࠦࡦࠢ࡝
࡯࠻ߩᷓߐᣇะߦߤߩࠃ߁ߦᄌൻߔࠆ߆ࠍ⍮ࠅߚ޿႐ว
ߦ߽㧘ࠦ ࠕߩಾᢿ㕙ߦ߅ߌࠆ⹜㛎߇ᔅⷐߣߥࠆޕߣߎࠈ߇㧘
ಾᢿ㕙ߢߪ㛽᧚߇੍߼㔺಴ߒߡ޿ࠆߎߣߣߥࠅ㧘㛽᧚߇㔺
಴ߒߡ޿ߥ޿⹜㛎૕ߣߩᲧセߦ߅޿ߡ㥿㦉߇↢ߓࠆน⢻
ᕈ߇޽ࠆޕ៺⠻ᷓߐߣߒߡ 85㨪95%ὐࠍ↪޿ࠇ߫㧘ߎߩ໧
㗴߇޽ࠆ⒟ᐲ⸃ᶖߐࠇࠆߣផኤߐࠇࠆޕ 
Table 21 ᮡḰ⊛ߥࠦࡦࠢ࡝࡯࠻㈩วߦ߅ߌࠆ㛽᧚㕙Ⓧ₸ 
Aggregate area ratio to concrete cross-sectional area with standard specified mix proportions 

☻㛽᧚ߩ
ᦨᄢኸᴺ
(mm)
ⓨ᳇㊂
(%)
᳓㩈㩜㩧㩎
Ყ
W/C 
(%)
⚦㛽᧚
₸
s/a 
(%)
න૏㊂(kg/m3) න૏ኈⓍ(m3/m3) 㛽᧚
㕙Ⓧ₸
(%)
᳓
W
㩈㩜㩧㩎
C
⚦㛽᧚
S
☻㛽᧚
G
⚦㛽᧚
s
☻㛽᧚
g
AE 
೷
15 7.0  55 47 180 327  796 907 0.304 0.342 64.6 
15 7.0  50 46 180 360  766 910 0.292 0.343 63.6 
15 7.0  45 45 180 400  735 908 0.280 0.343 62.3 
20 6.0  55 44 175 318  765 985 0.292 0.372 66.4 
20 6.0  50 43 175 350  737 988 0.281 0.373 65.4 
20 6.0  45 42 175 389  706 986 0.269 0.372 64.2 
25 5.0  55 42 170 309  750 1048 0.286 0.395 68.2 
25 5.0  50 41 170 340  722 1051 0.276 0.397 67.2 
25 5.0  45 40 170 378  692 1050 0.264 0.396 66.0 
40 4.5  55 39 165 300  710 1123 0.271 0.424 69.5 
40 4.5  50 38 165 330  682 1126 0.260 0.425 68.5 
40 4.5  45 37 165 367  653 1125 0.249 0.424 67.4 
AE
ᷫ᳓
೷
15 7.0  55 48 170 309  832 912 0.318 0.344 66.2 
15 7.0  50 47 170 340  803 916 0.306 0.346 65.2 
15 7.0  45 46 170 378  771 916 0.294 0.346 64.0 
20 6.0  55 45 165 300  801 991 0.306 0.374 68.0 
20 6.0  50 44 165 330  773 995 0.295 0.375 67.0 
20 6.0  45 43 165 367  742 995 0.283 0.375 65.9 
25 5.0  55 43 160 291  786 1054 0.300 0.398 69.8 
25 5.0  50 42 160 320  758 1058 0.289 0.399 68.8 
25 5.0  45 41 160 356  727 1059 0.278 0.400 67.7 
40 4.5  55 40 155 282  745 1130 0.284 0.426 71.1 
40 4.5  50 39 155 310  717 1134 0.274 0.428 70.2 
40 4.5  45 38 155 344  688 1135 0.262 0.428 69.1 
 
Fig. 105 E࿾඙ណขࠦࠕߩฦࡄ࡯࠮ࡦ࠻ὐ៺⠻ᷓߐߩ⚻ᤨᄌ
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Table 22 ᧚ᢱߩኒᐲ 
Densities of materials 
᧚ᢱ ኒᐲ (kg/m3) 
᳓ 1,000  
࠮ࡔࡦ࠻ 3,150  
⚦㛽᧚ 2,620  
☻㛽᧚ 2,650  
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b 比摩耗速度および耐摩耗性 
ฦ᧚ᢱߩ៺⠻․ᕈߩᜰᮡߣߒߡߪ㧘JIS ࡕ࡞࠲࡞ߩ៺⠻
ㅦᐲߦኻߔࠆฦ᧚ᢱߩᲧ៺⠻ㅦᐲ߅ࠃ߮ߘߩㅒᢙࠍឭ᩺
ߒߚ޿ޕΧ3ߢᬌ⸛ߒߚࠃ߁ߦ㧘ଦㅴ៺⠻⹜㛎ߦ߅޿ߡߪ㧘
⹜㛎ᯏߩࠠࡖ࡝ࡉ࡟࡯࡚ࠪࡦ㧘߹ߚ㧘⇣ߥࠆ⹜㛎ᯏ㑆ߦ߅
ߌࠆ⠴៺⠻ᕈ࠺࡯࠲ߩᲧセߦߪᮡḰ⹜㛎૕ߩ૶↪߇ਇน
ᰳߢ޽ࠆߣ⠨߃ࠆޕTable 20ߩ⹜㛎᧦ઙࠍḩ⿷ߔࠆ⹜㛎ᯏ
ߢ޽ߞߡ߽ฦ⹜㛎ᯏߦ߅ߌࠆ⚿ᨐߦ஍ࠅ߇↢ߓࠆน⢻ᕈ
߇޽ࠆޕߎߩߚ߼㧘ኻ⽎᧚ᢱߩଦㅴ៺⠻⹜㛎ߩ೨߹ߚߪᓟ
ߦᮡḰ⹜㛎૕ߩ⹜㛎ࠍ౉ࠇ㧘ᮡḰ⹜㛎૕ߩ៺⠻ㅦᐲߦኻߔ
ࠆኻ⽎᧚ᢱߩᲧ៺⠻ㅦᐲࠍ᳞߼ࠆߎߣߣߔࠆޕΥ9 ߢᬌ⸛
ߒߚ࠺࡯࠲ࠍၮߦHPFRCC߅ࠃ߮ PCM-NߩᲧ៺⠻ㅦᐲࠍ
Fig. 106ߦ␜ߔޕ߹ߚ㧘ߘࠇࠄߩㅒᢙࠍ⠴៺⠻ᕈߣߒߡ Fig. 
107ߦ␜ߔޕ⠴៺⠻ᕈᜰᮡ߇ 1ߢ޽ࠇ߫㧘JISࡕ࡞࠲࡞ߣห
╬ߩ⠴៺⠻ᕈࠍ᦭ߒ㧘1ࠃࠅᄢ߈ߊߥࠇ߫㧘JISࡕ࡞࠲࡞ࠃ
ࠅ⠴៺⠻ᕈߦఝࠇࠆ᧚ᢱߢ޽ࠆߎߣࠍ␜ߔޕ 
 
６ 実構造物の供用時間に対する促進倍率 
⵬ୃ᧚ᢱߦଦㅴ៺⠻⹜㛎ࠍㆡ↪ߔࠆ⋡⊛ߩ৻ߟߦ㧘ታ᭴
ㅧ‛ߦᣉᎿߒߚ႐วߦଏ↪੍ቯᐕᢙౝߦߤߩࠃ߁ߦ៺⠻
߇ㅴⴕߔࠆߩ߆ߩ੍᷹߇޽ࠆޕߎߩ႐ว㧘᳓ྃᵹ៺⠻⹜㛎
ߩ⹜㛎ᤨ㑆ߣታ᭴ㅧ‛ߩଏ↪ᤨ㑆ߣߩ⋧㑐ࠍᛠីߔࠆᔅ
ⷐ߇޽ࠆޕߎࠇߪ㧘ฦ᳓〝ߦࠃߞߡᵹ㊂㧘ᵹㅦ㧘⍾ᷙ౉㊂㧘
ㅢ᳓ᦼ㑆㧘ࠦ ࡦࠢ࡝࡯࠻᧚ᢱߩ⠴៺⠻ᕈߥߤ߇⋧㆑ߒߡ޿
ࠆߚ߼ߦ৻ᓞߩଦㅴ୚₸ࠍ⸳ቯߔࠆߎߣ߇ߢ߈ߥ޿ℂ↱
ߦࠃࠆޕߘߩߚ߼㧘Υ10ߢᬌ⸛ߒߚࠃ߁ߦ⃻࿾ណขࠦࠕ߆
ࠄಾࠅ಴ߒߚ⹜㛎૕ߩஜో㕙ߢ⹜㛎ࠍታᣉߒ㧘ታ᳓〝៺⠻
㕙ߩផቯ៺⠻ᷓߐߣߩᲧセ߆ࠄ᳓ྃᵹ៺⠻⹜㛎ߩଦㅴ୚
₸ࠍ᳞߼ࠆߎߣߣߥࠆޕߚߛߒ㧘ஜోߣ⠨߃ࠄࠇࠆ㕙ߦ߅
޿ߡ߽ Ca ṁ⣕ߥߤߦࠃࠆᄌ⾰߇↢ߓߡ޿ࠆน⢻ᕈ߇޽ࠆ
ߚ߼㧘EPMAࠍ೑↪ߒߡ⹏ଔ⹜㛎૕ߩណข૏⟎ࠍㆬቯߔࠆ
ᔅⷐ߇޽ࠆޕ 
ߎߎߢߪ㧘Fig. 85߅ࠃ߮ Fig. 88߆ࠄ Caᧂṁ⣕ㇱߩ࠺࡯
࠲ࠍ᛽಴ߒߡᬌ⸛ߔࠆ㧔Fig. 108㧘Fig. 109㧕ޕߎࠇࠄߩ࠺࡯
࠲߆ࠄฦ⹜㛎૕ߦ߅ߌࠆઍ⴫៺⠻ㅦᐲࠍ▚ቯߔࠆᔅⷐ߇
޽ࠆ߇㧘ਔ࿑ߦ␜ߐࠇࠆࠃ߁ߦ៺⠻ᷓߐߪ⹜㛎ᤨ㑆ߣߣ߽
ߦ㧘߹ߚ㧘៺⠻ㅦᐲߪ៺⠻ᷓߐߣߣ߽ߦᄌൻߒߡ޿ࠆߚ߼
ኈᤃߢߪߥ޿ޕߎࠇߪ㧘Υ5߅ࠃ߮Υ6ߢᬌ⸛ߒߚࠃ߁ߦ㧘
⹜㛎ᤨ㑆ߩ⚻ㆊߣߣ߽ߦ㛽᧚㔺಴ߦࠃࠆ៺⠻ㅴⴕߩᛥ೙
߇↢ߓࠆߚ߼ߢ޽ࠆޕߎߎߢᛠីߒߚ޿ߩߪ㧘Χ5aߢᬌ⸛
ߒߚ⌀ߩ៺⠻ࡈࡠࡦ࠻ߩ៺⠻ㅦᐲߢ޽ࠆޕߘߩߚ߼ߦߪ㧘
㛽᧚㔺಴ߦࠃࠆ៺⠻ㅴⴕߩᛥ೙߇↢ߓࠆ೨ߩ⹜㛎㐿ᆎೋ
ᦼߩ࠺࡯࠲߇ㆡಾߢ޽ࠆߣ⠨߃ࠆޕ⹜㛎㐿ᆎೋᦼߩ࠺࡯࠲
ࠍㆬቯߔࠆ႐ว㧘2 ⒳ߩᣇᴺ߇޽ࠆޕ৻ߟߪ⹜㛎ᤨ㑆ߦࠃ
ࠆᣇᴺߢ޽ࠅ㧘߽߁৻ߟߪ៺⠻ᷓߐߦࠃࠆᣇᴺߢ޽ࠆޕ⹜
㛎ᤨ㑆ߦࠃࠆᣇᴺߪ㧘଀߃߫㧘⹜㛎㐿ᆎ߆ࠄ 1ᤨ㑆߹ߢߩ
࠺࡯࠲ࠍ↪޿ߡ៺⠻ㅦᐲࠍ᳞߼ࠆᣇᴺߢ޽ࠆޕ៺⠻ᷓߐߦ
ࠃࠆᣇᴺߪ㧘଀߃߫㧘⹜㛎㐿ᆎ߆ࠄ៺⠻ᷓߐ߇ 2 mmࠍᦨ
ೋߦ⿥߃ߚ࠺࡯࠲߹ߢࠍ↪޿ߡ៺⠻ㅦᐲࠍ᳞߼ࠆᣇᴺߢ
޽ࠆޕ 
 
Fig. 106 JISࡕ࡞࠲࡞ߦኻߔࠆ HPFRCC߅ࠃ߮ PCM-AߩᲧ
៺⠻ㅦᐲ 
Erosion rate ratio of HPFRCC and PCM-A to JIS mortar 
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Fig. 107 HPFRCC߅ࠃ߮ PCM-Aߩ⠴៺⠻ᕈ 
Erosion resistance of HPFRCC and PCM-A 
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Fig. 108 95%ὐ៺⠻ᷓߐߩ⚻ᤨᄌൻ 
Comparison of 95th percentile erosion depth of collected cores 
from the D and E district 
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Fig. 109 ៺⠻ㅦᐲߣ៺⠻ᷓߐߣߩ㑐ଥ 
Comparison of the erosion rate versus the erosion depth of 
collected cores from the D and E district 
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 ߎߎߢߪ㧘⹜㛎ᤨ㑆ߩ㑣୯ߣߒߡ 1ᤨ㑆ߣ 2ᤨ㑆㧘៺⠻
ᷓߐߩ㑣୯ߣߒߡ 2 mmߣ 4 mmߣߒߡଦㅴ୚₸ࠍ᳞߼ߡ
ߺߚޕTable 23ߦ␜ߔࠃ߁ߦฦ㑣୯ߦ߅ߌࠆࠦࠕᐔဋ៺⠻
ㅦᐲߩಾ ࠍ 0ߣߒߚㄭૃ⋥✢ߩ௑߈ߣߒߡ᳞߼㧘ଦㅴ୚
₸ࠍ▚ቯߒߚޕߘߩ⚿ᨐ㧘Fig. 110ߩଦㅴ୚₸߇ᓧࠄࠇߚޕ
ਔ࿾඙ߣ߽ᓧࠄࠇߚ୯ߪ߫ࠄߟ޿ߡ߅ࠅ㧘ᦨᄢ୯ߪᦨዊ୯
ߩ 3୚ࠍ⿥߃ߡ޿ߚޕߘߩߚ߼㧘ଦㅴ୚₸ߩ᳞߼ᣇߦߟ޿
ߡߪ㧘ߐࠄߦ࠺࡯࠲ߩ⫾Ⓧ߇ᔅⷐߢ޽ࠆߣ⠨߃ࠄࠇߚޕ 
 
７ 複合摩耗試験 
2 ߢߪㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ៺⠻⃻⽎ߪ㧘ജ
ቇ⊛૞↪ߣൻቇ⊛૞↪ߩⶄว૞↪ߦࠃࠅㅴⴕߔࠆߣㅀߴ
ߚޕߣߎࠈ߇㧘᳓ྃᵹ៺⠻⹜㛎߇න⁛ߢ⹏ଔߢ߈ࠆߩߪ㧘
ജቇ⊛૞↪ߩߺߢ޽ࠆޕ20㨪40ᐕߣ޿߁⵬ୃߦ⺖ߖࠄࠇߚ
੍ቯଏ↪ᐕߩ⠴៺⠻ᕈࠍ⹏ଔߔࠆߚ߼ߦߪ㧘ൻቇ⊛૞↪ߦ
ࠃࠆ᧚ᢱߩᄌ⾰߽⠨ᘦߒߚⶄว៺⠻⹜㛎߇ᔅⷐߣߥࠆޕᧄ
⺰ߦ߅޿ߡߪ㧘Υ7 ߦ߅޿ߡవⴕߒߡ Ca ṁ⣕ߐߖߚ⹜㛎
૕ࠍ↪޿ߡ᳓ྃᵹ៺⠻⹜㛎ࠍታᣉߒ㧘⹜㛎૕ߩ⴫ጀઃㄭߢ
ߪ㧘ஜోㇱߩ⚂ 20 ୚ߩ៺⠻ㅦᐲߣߥࠆߎߣࠍ᣿ࠄ߆ߦߒ
ߚޕߎߩࠃ߁ߦኻ⽎ߣߔࠆൻቇ⊛૞↪ࠍଦㅴߒߡᄌ⾰ߐߖ
ߚ⹜㛎૕ࠍ↪޿ߚⶄว៺⠻⹜㛎ࠍ↪޿ࠆߎߣ߇㧘੹ᓟߩ᧚
ᢱ⹜㛎ߢߪ㊀ⷐߣߥࠆޕ߹ߚ㧘⹜㛎࠺࡯࠲ߩ⫾Ⓧ߇ㅴ߼߫㧘
ⶄว៺⠻⹜㛎ߩ⹜㛎᧦ઙߥߤ߽᣿ࠄ߆ߦߥࠆߎߣ߇ᦼᓙ
ߐࠇࠆޕ 
 
８ 結論 
ᧄ┨ߢߪ㧘᳓〝᭴ㅧ᧚ᢱߩଦㅴ៺⠻⹜㛎ߦߟ޿ߡᬌ⸛
ߒ㧘ᮡḰ⹜㛎᧦ઙ㧘ᮡḰ⹜㛎૕㧘⹏ଔᜰᮡ㧘ଦㅴ୚₸㧘ⶄ
ว៺⠻⹜㛎ߥߤߦߟ޿ߡ᩺ࠍឭ␜ߒߚޕᓧࠄࠇߚ⚿ᨐࠍએ
ਅߦ␜ߔޕ 
(1) JIS R 1645ޟࡈࠔࠗࡦ࠮࡜ࡒ࠶ࠢࠬߩྃᵹࠛࡠ࡯ࠫ
࡚ࡦ⹜㛎ᣇᴺޠߦߥࠄ޿㧘᳓ྃᵹ៺⠻⹜㛎ߩᮡḰ⹜
㛎᧦ઙࠍឭ␜ߒߚޕ 
(2) ᮡḰ⹜㛎૕ߣߒߡ JIS R 5201ޟ࠮ࡔࡦ࠻‛ℂ⹜㛎ᣇ
ᴺޠߦⷙቯߐࠇߚ JIS ࡕ࡞࠲࡞ࠍឭ᩺ߒ㧘߹ߚ㧘ኸ
ᴺ߅ࠃ߮ᒻ⁁ߪ㧘707020 mmߩ⋥ᣇ૕ߣߔࠆߎ
ߣࠍឭ᩺ߒߚޕหኸᴺߪ㧘⃻࿾ណขࠦࠕ߆ࠄ⹜㛎૕
ࠍಾࠅ಴ߔ႐ว߽ടᎿ߇ኈᤃߢ޽ࠆޕ 
(3) ៺⠻ᷓߐߩᜰᮡߣߒߡ㧘៺⠻ࡈࡠࡦ࠻ࠍࠃࠅ⊛⏕ߦ
ᛠីߢ߈ࠆࠃ߁ߦ 85%㨪95%៺⠻ᷓߐࠍឭ᩺ߒߚޕ 
(4) ฦ᧚ᢱߩ៺⠻․ᕈߩᜰᮡߣߒߡ㧘JIS ࡕ࡞࠲࡞ߩ៺
⠻ㅦᐲߦኻߔࠆฦ᧚ᢱߩᲧ៺⠻ㅦᐲ߅ࠃ߮ߘߩㅒ
ᢙࠍ⠴៺⠻ᕈᜰᮡߣߒߡឭ᩺ߒߚޕ 
(5) ᳓ྃᵹ៺⠻⹜㛎ߩ⹜㛎ᤨ㑆ߣታ᭴ㅧ‛ߩଏ↪ᤨ㑆
ߣߩ⋧㑐ࠍᛠីߔࠆߚ߼ߦ㧘⃻࿾ណขࠦࠕ߆ࠄಾࠅ
಴ߒߚ⹜㛎૕ߩஜో㕙ߢ⹜㛎ࠍታᣉߒ㧘ታ᳓〝៺⠻
㕙ߩផቯ៺⠻ᷓߐߣߩᲧセ߆ࠄ᳓ྃᵹ៺⠻⹜㛎ߩ
ଦㅴ୚₸ࠍ᳞߼ࠆߎߣࠍឭ᩺ߒߚޕ 
(6) ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ៺⠻⃻⽎ߪ㧘ജቇ
⊛૞↪ߣൻቇ⊛૞↪ߩⶄว૞↪ߦࠃࠅㅴⴕߔࠆߎ
ߣ߆ࠄ㧘៺⠻⹜㛎߽ኻ⽎ߣߔࠆൻቇ⊛૞↪ࠍଦㅴߒ
ߚ⹜㛎૕ࠍ૶↪ߔࠆߥߤߩⶄว៺⠻⹜㛎ࠍታᣉߔ
ࠆᔅⷐ߇޽ࠆޕ 
 
Ⅵ 結言 
 
ᧄ⎇ⓥߢߪ㧘ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦᄙߊ⷗ࠄࠇࠆഠ
ൻ⃻⽎ߩ৻ߟߢ޽ࠆ៺⠻⃻⽎ࠍኻ⽎ߣߒߡ㧘៺⠻⃻⽎ߩ⁁
ᴫ㧔╙Τ┨㧕㧘᳓ྃᵹ៺⠻⹜㛎㧔╙Υ┨㧕㧘៺⠻ᯏ᭴㧔╙Φ
┨㧕㧘᳓〝᭴ㅧ᧚ᢱߩଦㅴ៺⠻⹜㛎㧔╙Χ┨㧕ߩᬌ⸛ࠍⴕ
ߞߚޕᓧࠄࠇߚ⍮⷗ࠍ✚᜝ߔࠆߣએਅߦߥࠆޕ 
 
Table 23 D߅ࠃ߮ E࿾඙ߩଦㅴ୚₸ߩ▚ቯ᧦ઙ 
Calculation conditions of accelerating magnification in the D and E districts 
D࿾඙ E࿾඙ 
ଏ↪ᐕᢙ(year) 38 38 
ታ᳓〝ᦨᄢ㜞ߐ Rz (mm) 7.05  4.48  
ታ᳓〝ᦨᄢ㜞ߐ㧗ᗐቯ߆߱ࠅ Rz+6 (mm) 13.05  10.48  
ታ᳓〝ᐔဋ៺⠻ㅦᐲ[Rz+6] (mm/year) 0.344  0.276 
ࠦࠕᐔဋ៺⠻ㅦᐲ[1ᤨ㑆] (mm/h) 5.41  2.26  
ࠦࠕᐔဋ៺⠻ㅦᐲ[2ᤨ㑆] (mm/h) 3.54 1.49 
ࠦࠕᐔဋ៺⠻ㅦᐲ[2 mmᷓߐ] (mm/h) 10.75  1.49 
ࠦࠕᐔဋ៺⠻ㅦᐲ[4 mmᷓߐ] (mm/h) 5.41 0.64 
 
 
Fig. 110 ฦ㑣୯ߣଦㅴ୚₸ߣߩ㑐ଥ 
Comparison of the accelerating magnification at the each threshold 
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⠻៺ࠆ޿ߡߓ↢ߢ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘ㧘ߪߢ┨Τ╙
ߎࠆߔីᛠࠍᴫ⁁⠻៺ߩ〝᳓ታ㧘߼ߚࠆߔ⾗ߦ᣿⸃ߩ᭴ᯏ
↪ଏߚߒߣ⽎ኻᩏ⺞ޕߚߒᣉታࠍᩏ⺞࿾⃻ߡߒߣ⊛⋡ࠍߣ
〝᳓࠻࡯࡝ࠢࡦࠦߜᛂ႐⃻ߩ඙࿾ 5 ߚߒㆊ⚻߇ᐕ 15㨪53
࿾ 3㧔ขណࠕࠦ㧘᷹⸘⁁ᒻ⠻៺ߩ㕙⴫࠻࡯࡝ࠢࡦࠦ㧘ߪߢ
ࠍ㧕඙࿾ 2㧔㛎⹜⠻៺ᵹྃ᳓㧘㧕඙࿾ 2㧔ᨆಽ AMPE㧘㧕඙
࠮࡯ࡑ࡝ࡐ㧘඙࿾1 Ꮏ㚂㗡ߦ߼ߚߩセᲧ㧘ߚ߹ޕߚߒᣉታ
⁁ᒻ⠻៺߽ߡ޿߅ߦ඙࿾1 〝᳓ୃ⵬ࠆࠃߦ࡞࠲࡞ࡕ࠻ࡦࡔ
㧘ߪߐ☻㕙⴫ࠆߌ߅ߦო஥〝᳓㧘ᨐ⚿ߩߘޕߚߒᣉታࠍ᷹⸘
᳇ߓห㧘ࠅ߅ߡߞߥߊ☻߇㕙⴫ߡ޿߅ߦㇱਛ᳓ࠅࠃㇱਛ᳇
⴫ߤ߶ࠆߥߊㄭߦ ᐩ〝᳓߽ߡ޿߅ߦㇱਛ᳓߮ࠃ߅ㇱਛ
↱ℂߩߎޕߚߞߥߣ߆ࠄ᣿߇ߣߎࠆ޽ߦะ௑ࠆߥߊ☻߇㕙
ߌฃࠍ↪૞⠻៺ߡߒ⸅ធߦ᳓ߤ߶ߊߠㄭߦ ᐩ㧘ߪߡߒߣ
ࠄ߆ ߡ޿ߟߦ඙࿾5ޕߚࠇࠄ߃⠨߇ߣߎࠆߔടჇ߇㑆ᤨࠆ
޽ߢ2910.0 ߪ୯ᄢᦨ㧘3110.0 ߪ୯ዊᦨߩᢙଥᐲ☻ߚߒቯផ
⁁⠻៺㧘ߊ㐳ߣᐕ 15 ߇ᢙᐕ↪ଏ㧘ߪ඙࿾ߩ୯ᄢᦨޕߚߞ
㧘߫ߌ㒰ࠍ඙࿾ߩߎޕߚࠇࠄ߃⠨ߣࠆ޿ߡߒⴕㅴࠅࠃ߇ᴫ
↹⸘ᬺ੐⦟ᡷ࿾࿯㧘ࠅ޽ߢ6510.0㨪3110.0 ߇ᢙଥᐲ☻ቯផ
ᐲ☻ߩ࠻࡯࡝ࠢࡦࠦߜᛂ႐⃻ߦޠᎿ〝᳓ޟ⸘⸳࡮Ḱၮ⸘⸳
୯ᄢᦨ߮ࠃ߅ 210.0 ୯ዊᦨࠆ޿ߡࠇߐタ⸥ߡߒߣ ᢙଥ
ဋᐔⴚ▚㧘ߚ߹ޕߚࠇߐ␜߇ߣߎࠆ޿ߡߞวߨ᭎ߦ 610.0
ࠆ޿ߡߒ᦭ࠍଥ㑐ߩᒻ✢ߪଥ㑐ߩߣzRߐ㜞ᄢᦨߣaRߐ☻
㜞ᄢᦨߦ⊛ᤃ◲ߪߦቯផߩᢙଥᐲ☻㧘ࠅߥߣ߆ࠄ᣿߇ߣߎ
↪ଏޕߚߞߥߣ߆ࠄ᣿߇ߣߎࠆ޽ߢ⢻น߇ߣߎࠆ޿↪ࠍߐ
ߞߥߣᐲ⒟mm 01 ߷߶߇ߐ㜞ᄢᦨ㧘ߪߢ〝᳓ߩᐲ⒟ᐕ04
ᐲ⒟mm 61 ߐ㜞ᄢᦨߪߐᷓߚߒ⠻៺ߩࠄ߆ᤨᎿ┫㧘ࠅ߅ߡ
ߦ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘ㧘ߦࠄߐޕߚࠇߐኤផߣࠆ޽ߢ
ߦߤߥ⍾ߩਛᵹ᳓߮ࠃ߅ᵹ᳓ࠄ߆ᴫ⁁⠻៺ߩߘ㧘ߪߡ޿߅
㔌⣕߇ㇱ࠻ࡦࡔ࠮㧘ࠅ߅ߡߒⴕㅴ߇⠻៺ࡦ࡚ࠫ࡯ࡠࠛࠆࠃ
ࠆ޿ߢࠎㅴ߇⒟ㆊ㔌⣕ߢ㗅ߩ᧚㛽☻㧘᧚㛽⚦㧘ߡ޿⛯㧘ߒ
 ޕߚࠇࠄ߃⠨ߣ
ࠛߩᢱ᧚♽࠻ࡦࡔ࠮ࠆߓ↢ߢ⸳ᣉ೑᳓ᬺㄘ㧘ߪߢ┨Υ╙
࡯ࡠࠛ߮ࠃ߅ߣߎࠆߔីᛠߡ޿ߟߦᕈ․⠻៺ࡦ࡚ࠫ࡯ࡠ
߆ࠄ᣿ࠍᕈ↪᦭ߩ㛎⹜⠻៺ᵹྃ᳓ࠆߔᡆᮨࠍ⠻៺ࡦ࡚ࠫ
᧚♽࠻ࡦࡔ࠮ࠍ㛎⹜⠻៺ᵹྃ᳓㧘ߡߒߣ⊛⋡ࠍߣߎࠆߔߦ
಴ฯࠆߌ߅ߦᯏ㛎⹜⠻៺ᵹྃ᳓㧘ᨐ⚿ߩߘޕߚߒ↪ㆡߦᢱ
㑐ߩߘ㧘ߒᄢჇߦ⊛ᐲㅦടߪᐲㅦ⠻៺㧘ࠅࠃߦടჇߩജ࿶
㧘ߚ߹ޕߚߞߥߣ߆ࠄ᣿߇ߣߎࠆ߈ߢૃㄭߢᢙ㑐ਸ਼⚥㧘ߪଥ
ᕈ⠻៺ߣࠆߥ⇣߇⟎ⵝ಴ฯࠆߔ↪૶ߢᯏ㛎⹜⠻៺ᵹྃ᳓
಴ฯ㧘㔌〒ࡈࠝ࠼ࡦ࠲ࠬ㧘ߪߡߒߣ࿃ේߩߘ㧘ߒ㆑⋧߽⁁
ࠇࠄ߃⠨߇㆑⋧ߩߤߥᘒᒻߩᵹྃ᳓ߩߤߥᓘṢᶧ㧘㊂ᵹ
 ޕߚ
৻㧘ߒടჇߦ⊛ᒻ✢ߪ㊂⠻៺ߩ૕㛎⹜࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮
㔺᧚㛽ߪߢ૕㛎⹜࠻࡯࡝ࠢࡦࠦ߮ࠃ߅૕㛎⹜࡞࠲࡞ࡕ㧘ᣇ
៺㧘ߪߡߒߣ࿃ේߩߘ㧘ߒᷫㅛ߇ടჇߩ㊂⠻៺ߦ߽ߣߣ಴
߳ㇱਅ᧚㛽߇ടჇߩวഀߩⓍ㕙⴫᧚㛽ࠆ߼භߦⓍ㕙⴫⠻
ࡦ ࠦޕߚࠇࠄ߃⠨ߣࠆ޽ߢ߼ߚࠆߔ೙ᛥࠍ⓭ⴣߩᵹྃ᳓ߩ
߇㔌⣕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘ߪ⒟ㆊ⠻៺ߩ૕㛎⹜࠻࡯࡝ࠢ
ߦ㕙⴫㛎⹜㧘ߒ಴㔺߇᧚㛽ߢ㗅ߩ᧚㛽☻㧘᧚㛽⚦㧘ߒⴕవ
ࠍ㔌⣕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮߇ᄢ᜛ߩၞ㗔಴㔺᧚㛽ࠆߌ߅
߃⠨ߣࠆ޽ߢ⒟ㆊࠆߔᷫㅛ߇ⴕㅴ⠻៺㧘ᨐ⚿ߩߘ㧘ߒ೙ᛥ
 ޕߚࠇࠄ
ߩၞ㗔⣕ṁᧂ㧘ߪᐲㅦ⠻៺ߩㄭઃጀ⴫ߩ૕㛎⹜⣕ṁ aC
⪺߇ਅૐߩᕈ⠻៺⠴㧘ࠅ޽ߢᐲㅦ⠻៺ߩ୚6.72㨪4.91 ᄢᦨ
ၞ㗔ߥ߈ᄢߩᐲㅦ⠻៺㧘ߚ߹ޕߚߞߥߣ߆ࠄ᣿߇ߣߎ޿ߒ
ᒙ⣀ߩጀ⴫ࠆࠃߦ⣕ṁaC㧘ߒ⥌৻߷߶ߣၞ㗔⣕ṁaC㧘ߪ
Ⴚߩߣၞ㗔⣕ṁᧂߣၞ㗔⣕ṁ aCޕߚࠇࠄ߃⠨ߣ࿃ේ߇ൻ
⢻นࠆߔ࿷ሽ߇ၞ㗔ߥ⇣․ߩᕈ․⊛ቇജߡ޿߅ߦㄭઃ⇇
㧘ߪ㛎⹜⠻៺ᵹྃ᳓㧘ࠄ߆ᨐ⚿ߥ߁ࠃߩߎޕߚࠇߐໂ␜߇ᕈ
ߣᴺᚻߩߟ৻ࠆߔቯ᷹ࠍൻᄌߩᕈ․⊛ቇജߩၞ㗔⣕ṁ aC
 ޕߚࠇߐ␜߇ߣߎࠆ޽ߢ↪᦭ߡߒ
ߣߎࠆ޽ߩᏅߦᐲㅦߩⴕㅴ⠻៺㧘ࠅࠃߦ㆑⋧ߩᢱ᧚ୃ⵬
ߩᢱ᧚ୃ⵬ࠆࠃߦ㛎⹜⠻៺ᵹྃ᳓㧘߼ߚߩߎޕߚࠇߐ␜߇
⵬ߩ⒳ 5ޕߚࠇߐᢿ್ߣࠆ޽ߢ⢻น߇セᲧኻ⋧ߩᕈ⠻៺⠴
ࠆࠇ߹฽ߦ૕㛎⹜࡞࠲࡞ࡕ߇ᓘ☸ߩ᧚㛽ࠆࠇ߹฽ߦ᧚ୃ
ဋᐔⴚ▚߽ߡߒ಴㔺߇᧚㛽㧘߼ߚ޿ߐዊ߽ࠅࠃᓘ☸ߩ᧚㛽
ଥᐲ☻ቯផ㧘ࠅߥߊߐዊߡߒセᲧߦ૕㛎⹜࡞࠲࡞ࡕ߇ߐ☻
ቯផߩ૕㛎⹜࡞࠲࡞ࡕ㧘ߒߛߚޕߚࠇࠄ߃⠨ߣ޿ߐዊ߽ᢙ
ߎࠆ߹෼ߦౝ࿐▸ߩ510.0 ୯ᄢᦨ㧘110.0 ୯ዊᦨ߇ᢙଥᐲ☻
⠻៺ᵹྃ᳓ޕߚࠇߐᢿ್ߣࠆ޽ߢᒰᅷߨ᭎ߪ୯ቯផࠄ߆ߣ
ᐲ☻ቯផߣߐᷓ⠻៺ဋᐔߩᢱ᧚ୃ⵬ฦࠆࠇࠄᓧࠄ߆㛎⹜
߁ࠅߥߦႎᖱߥല᦭ߢ਄ࠆߔࠍቯㆬᢱ᧚㧘ߪଥ㑐ߩߣᢙଥ
 ޕߚࠇߐᢿ್ߣࠆ
SIJ㧘ߪߡߒߣઙ᧦㛎⹜ߚ޿↪ࠍᯏ㛎⹜⠻៺ᵹྃ᳓ဳᣂ
ᵹྃ᳓㧘ߡߒᘦ⠨ࠍ⁁ᒻ㕙⴫߮ࠃ߅ᕈ₸ല㛎⹜ߩ࡞࠲࡞ࡕ
್ߣಾㆡ߇ߣߎࠆߔߦᐲ⒟q54 ࠍᐲⷺ⓭ⴣߩ߳૕㛎⹜ߩ
⹜⠻៺ᵹྃ᳓ߚ޿↪ࠍࠕࠦߚߒขណࠄ߆〝᳓ታޕߚࠇߐᢿ
ࠢࡦࠦࠆߔធߣႺⅣㇱᄖߦᤨ↪ଏ߮ࠃ߅ᤨᎿᣉ㧘ᨐ⚿ߩ㛎
ߡߌฃࠍ㗀ᓇߩ↪૞⊛ቇൻ߿ᴫ⁁Ꮏᣉ㧘ߪߡ޿߅ߦ࠻࡯࡝
ࠦᦼೋ߇ᕈ․⠻៺㧘ߊ㜞߇ᕈ⢻นࠆߔ⾰ᄌ߇࠻࡯࡝ࠢࡦࠦ
ᒙ⣀ࠆࠃߦ⣕ṁ aCޕߚࠇࠄ߃⠨ߣࠆߔ㆑⋧ߣ࠻࡯࡝ࠢࡦ
ߩㅦᵹᓸߪߚ߹᳓㕒߇ಽ᳓ࠆ޿ߡߒ⸅ធ߽ߡߒⴕㅴ߇ൻ
ᵹߣ⾰ᄌ⊛ቇൻ㧘ߕࠄ⥋ߪߦ⠻៺ࡦ࡚ࠫ࡯ࡠࠛ߫ࠇ޽ߢ᳓
ࠇࠄ߃⠨ߣࠆߖߐߓ↢ࠍ⠻៺ࡦ࡚ࠫ࡯ࡠࠛ߇⸅ធߩߣ᳓
 ޕߚ
ࠦ↪ᬺㄘߦၮࠍᨐ⚿ߩ┨Υ╙߮ࠃ߅┨Τ╙㧘ߪߢ┨Φ╙
ࡑ࠻࡯ࠝ࡞࠮㧘ߒቯផࠍ᭴ᯏ⠻៺ࠆߌ߅ߦ〝᳓࠻࡯࡝ࠢࡦ
〝᳓ታ㧘ߕ߹ޕߚߒᣉታࠍࡦ࡚ࠪ࡯࡟ࡘࡒࠪߚ޿↪ࠍࡦ࠻
⚿ߩኤⷰ㕙⴫ߩࠕࠦขណ߮ࠃ߅⸛ᬌߩᐲㅦ⠻៺ߩ‛ㅧ᭴
ࠦ㧘ߪ⽎⃻⠻៺ࠆߌ߅ߦ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺㄘ㧘ࠄ߆ᨐ
უ⎕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ࠆ޽ߢᢱ᧚ว⚿ߩਛ࠻࡯࡝ࠢࡦ
ߔ㔌⣕߇᧚㛽ߚ޿ߡࠇߐቯ࿕ߦ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮㧘޿઻ߦ
૞ߦუ⎕ߩ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ޕߚࠇߐቯផߣࠆ޽ߢ⽎⃻ࠆ
૞⊛ቇൻߣ↪૞⊛ቇജࠆࠃߦሶ☸⍾߮ࠃ߅᳓㧘ߪߩࠆߔ↪
ㄘ㧘ࠅࠃߦ↪૞วⶄߩ↪૞ਔߩߎ㧘ࠅ޽ߢ↪૞ߩ⒳2 ߩ↪
ࠇߐቯផߣࠆ޿ߡߒⴕㅴ߇⠻៺ߩ〝᳓࠻࡯࡝ࠢࡦࠦ↪ᬺ
 ޕߚ
㛽Ԙ㧘ᨐ⚿ߩࡦ࡚ࠪ࡯࡟ࡘࡒࠪࠆࠃߦࡦ࠻ࡑ࠻࡯ࠝ࡞࠮
߽ࠆ޽ߪಲಳߩዋᄙߕࠄࠃߦ㆑⋧ߩ⟎㈩߮ࠃ߅ዊᄢߩ᧚
ԙ㧘ࠆߔ⠻៺ߢᐲㅦⴕㅴߩᐲ⒟หߪ࠻ࠬ࡯ࡍ࠻ࡦࡔ࠮ߩߩ
究研るす関に験試耗摩進促びよお構機耗摩るけおに路水トーリクンコ用業農：勝敷嘉渡15
 ⴫ጀઃㄭߢ㛽᧚਄ߦ޽ࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߪ Ca Ớᐲߩૐ
ਅ߇ᄢ߈ߊജቇ⊛ߥᒙㇱߣߥࠆߎߣ߇␜ໂߐࠇߚޕ߹ߚ㧘
ᧄ CAࡕ࠺࡞ߦ߅޿ߡߪ㧘ṁ⣕ߩ᦭ή߇៺⠻ㅴⴕㅦᐲߦᄢ
߈ߊᓇ㗀ࠍਈ߃ߡ޿ࠆߎߣ߇⷗ߡขࠇߚޕߒ߆ߒ㧘ߎߩ⚿
ᨐߪ㧘ᧄࡕ࠺࡞ߩ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻⣕㔌㑣୯㧘Ca Ớᐲૐ
ਅߦࠃࠆ࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻࠮࡞⣕㔌㑣୯ߩ⸳ቯߦࠃߞߡ
ᄢ߈ߊᓇ㗀ࠍฃߌߚߣ⠨߃ࠄࠇߚޕߐࠄߦ㧘਄ᣇ߆ࠄߩྃ
ᵹࠍᗐቯߒߚࠪࡒࡘ࡟࡯࡚ࠪࡦߩ⚿ᨐ㧘㛽᧚ࠍ㗂ὐߣߔࠆ
⓭⿠⁁ߩ⴫㕙߇ᒻᚑߐࠇ㧘᳓ྃᵹ៺⠻⹜㛎ߩ⹜㛎૕߳ߩⴣ
⓭ⷺᐲߦࠃࠅᒻᚑߐࠇߚ⹜㛎૕ߩ⴫㕙ᒻ⁁ߣ㘃ૃߒߡ޿
ࠆߎߣ߇␜ߐࠇߚޕ 
╙Χ┨ߢߪ㧘᳓〝᭴ㅧ᧚ᢱߩଦㅴ៺⠻⹜㛎ߩᮡḰ⹜㛎᧦
ઙ㧘ᮡḰ⹜㛎૕㧘⹏ଔᜰᮡ㧘ଦㅴ୚₸㧘ⶄว៺⠻⹜㛎ߩ᩺
ࠍឭ␜ߔࠆߎߣ߽⋡⊛ߦ㧘╙Τ┨߆ࠄ╙Φ┨߹ߢߩ⚿ᨐߦ
ߟ޿ߡ⠨ኤߒߚޕ߹ߕ㧘JIS R 1645ޟࡈࠔࠗࡦ࠮࡜ࡒ࠶ࠢ
ࠬߩྃᵹࠛࡠ࡯࡚ࠫࡦ⹜㛎ᣇᴺޠߦߥࠄ޿㧘᳓ྃᵹ៺⠻⹜
㛎ߩᮡḰ⹜㛎᧦ઙࠍឭ␜ߒߚޕ⹜㛎᧦ઙߩ㗄⋡ߣߒߡߪ㧘
ࡁ࠭࡞౉ญ࿶ജ㧘ྃᵹߩᵹ㊂㧘ྃᵹߩⴣ⓭ⷺᐲ㧘ࡁ࠭࡞߆
ࠄ⹜㛎 ߹ߢߩ〒㔌㧘ࡁ࠭࡞ᒻ⁁㧘⹜㛎૕ߩ࿁ォ㧘᳓⾰㧘
ᤨ㑆㧘ࡁ࠭࡞ߩ੤឵ࠍ⸳ቯߒߚޕ߹ߚ㧘ᮡḰ⹜㛎૕ߣߒߡ
ߪ㧘JIS R 5201ޟ࠮ࡔࡦ࠻‛ℂ⹜㛎ᣇᴺޠߦⷙቯߐࠇߚ JIS
ࡕ࡞࠲࡞㧘ᒻ⁁߅ࠃ߮ኸᴺߪ㧘707020 mmߩ⋥ᣇ૕ߣ
ߔࠆߎߣࠍឭ᩺ߒߚޕหᒻ⁁߅ࠃ߮ኸᴺߪ㧘⃻࿾ណขࠦࠕ
߆ࠄ⹜㛎૕ࠍಾࠅ಴ߔ႐ว߽ടᎿ߇ኈᤃߢ޽ࠆޕ 
៺⠻ᷓߐߩᜰᮡߣߒߡ㧘៺⠻ࡈࡠࡦ࠻ࠍࠃࠅ⊛⏕ߦᛠី
ߢ߈ࠆࠃ߁ߦ 85%㨪95%៺⠻ᷓߐࠍឭ᩺ߒߚޕߘߒߡ㧘ฦ
᧚ᢱߩ៺⠻․ᕈߩᜰᮡߣߒߡ㧘JIS ࡕ࡞࠲࡞ߩ៺⠻ㅦᐲߦ
ኻߔࠆฦ᧚ᢱߩᲧ៺⠻ㅦᐲ߅ࠃ߮ߘߩㅒᢙࠍ⠴៺⠻ᕈᜰ
ᮡߣߒߡឭ᩺ߒߚޕߥ߅㧘᳓ྃᵹ៺⠻⹜㛎ߩ⹜㛎ᤨ㑆ߣታ
᭴ㅧ‛ߩଏ↪ᤨ㑆ߣߩ⋧㑐ࠍᛠីߔࠆߚ߼ߦ㧘⃻࿾ណขࠦ
ࠕ߆ࠄಾࠅ಴ߒߚ⹜㛎૕ߩஜో㕙ߢ⹜㛎ࠍታᣉߒ㧘ታ᳓〝
៺⠻㕙ߩផቯ៺⠻ᷓߐߣߩᲧセ߆ࠄ᳓ྃᵹ៺⠻⹜㛎ߩଦ
ㅴ୚₸ࠍ᳞߼ࠆߎߣࠍឭ᩺ߒߚޕ 
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߦ߅ߌࠆ៺⠻⃻⽎ߪ㧘ജቇ⊛૞
↪ߣൻቇ⊛૞↪ߩⶄว૞↪ߦࠃࠅㅴⴕߔࠆߎߣ߆ࠄ㧘៺⠻
⹜㛎߽ኻ⽎ߣߔࠆൻቇ⊛૞↪ࠍଦㅴߒߚ⹜㛎૕ࠍ૶↪ߔ
ࠆߥߤߩⶄว៺⠻⹜㛎ࠍታᣉߔࠆᔅⷐᕈߦߟ޿ߡᜰ៰ߒ
ߚޕ 
 
２ 今後の展望 
ࠦࡦࠢ࡝࡯࠻᭴ㅧ‛ߩ៺⠻⃻⽎ߪ㧘ߘߩ៺⠻ᯏ᭴ߩ⸃᣿
߅ࠃ߮ଦㅴ⹜㛎ᣇᴺߩ⏕┙ߦ߅޿ߡᧂߛ⊒ዷㅜ਄ߦ޽ࠆޕ
ߎࠇߪ㧘៺⠻⃻⽎ߩၮᧄᯏ᭴߇޿߹ߛߦ⏕ታߦߪ⸃ߞߡ޿
ߥ޿߆ࠄߢ޽ࠆ㧔╣↰㧘2008㧕ޕᧄ⺰ߦ߅޿ߡߪ㧘ㄘᬺ᳓
೑ᣉ⸳ߢ↢ߓߡ޿ࠆ៺⠻⃻⽎ߩ৻ㇱߢ޽ࠆㄘᬺ↪ࠦࡦࠢ
࡝࡯࠻᳓〝ߩ៺⠻ߩߺࠍኻ⽎ߣߒߚޕߘߩ៺⠻߇࠮ࡔࡦ࠻
ࡍ࡯ࠬ࠻ߩ⎕უ࡮⣕㔌㧘⚦㛽᧚ߩ⣕㔌㧘☻㛽᧚ߩ⣕㔌ߩ㗅
ߦㅴⴕߒߡ޿ࠆߎߣࠍ᣿ࠄ߆ߦߒߚ߇㧘ߘ߽ߘ߽ߩ࠮ࡔࡦ
࠻ࡍ࡯ࠬ࠻ߩ⎕უ߇ߤߩࠃ߁ߥᯏ᭴ߢ↢ߓࠆߩ߆ߦߟ޿
ߡߪ㧘᣿ࠄ߆ߦߥߞߡ޿ߥ޿ޕߟ߹ࠅ㧘៺⠻ᯏ᭴ߩ߁ߜ㧘
ო㕙ߖࠎᢿᔕജ㧘ੂᵹߦࠃࠆᔕജ㧘⍾☸ሶߩⴣ⓭ߩ޿ߕࠇ
߇ࠛࡠ࡯࡚ࠫࡦ៺⠻ߩജቇ⊛૞↪ߣߒߡථ⿧ߒߡ޿ࠆߩ
߆㧘߹ߚ㧘ߘߩ૞↪ߪಾ೥ߣ⴫㕙∋ഭߩߤߜࠄࠍࠦࡦࠢ࡝
࡯࠻ߦ෸߷ߔߩ߆߇ᧂ⸃᣿ߢ޽ࠆޕ᭴ㅧ᧚ᢱߩ⠴៺⠻ᕈะ
਄ߩߚ߼ߩຠ⾰ᡷༀߩᚻᴺߪ㧘៺⠻ᯏ᭴߇⇣ߥࠇ߫ኻ╷߽
⇣ߥߞߡߊࠆޕ៺⠻ᯏ᭴߇ಾ೥ߢ޽ࠇ߫ޟ⎬ᐲࠍᡷༀߒ㧘
࿕ߊߔࠆߎߣޠߢ޽ࠅ㧘⴫㕙∋ഭߢ޽ࠇ ߫ޟ⣀ߐࠍᡷༀߒ㧘
߭߮ഀࠇࠍᛥ೙ߔࠆߎߣޠߦߥࠆ㧔ၳญ㧘1993㧕ޕ੹ᓟߩ
ㄘᬺ↪ࠦࡦࠢ࡝࡯࠻᳓〝ߩ⠴ਭᕈࠍ㜞߼ࠆߚ߼ߦߪ㧘៺⠻
ᯏ᭴ࠍᛠីߒߡ⠴៺⠻ᕈߩ㜞޿᧚ᢱࠍ↪޿ࠆߎߣ㧘ߘߒ
ߡ㧘㐳ᦼ㑆ߩ᳓ធ⸅ⅣႺਅߦ⟎߆ࠇߡ߽ൻቇ⊛ᄌ⾰߇↢ߓ
ߦߊ޿᧚ᢱࠍ↪޿ࠆߎߣ߇ᔅⷐߣߥࠆޕ߹ߚ㧘ੇḨ➅ࠅ㄰
ߒ߇࠮ࡔࡦ࠻ࡍ࡯ࠬ࠻ߩᲫ⚦▤ⓨ㓗ߦ⋧ᒰߔࠆ⚦ሹࠍჇ
ടߐߖ⚵❱ࠍ☻ߊߔࠆߣ޿߁ႎ๔㧔㕍㊁ࠄ㧘2006㧕߇޽ࠆ
ߎߣ߆ࠄ㧘߆ࠎ߇޿ᦼߣ㕖߆ࠎ߇޿ᦼࠍ᦭ߔࠆㄘᬺ↪ࠦࡦ
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Summary 
 
Knowledge of the mechanisms of erosion and a method for testing accelerated erosion of the cementitious 
materials of a concrete irrigation canal are of major importance for maintaining the performance of a canal over the 
long term. Most previous studies of erosion of concrete in hydraulic structures have examined the effect of 
high-velocity water flow or the impact intensity of rocks transported in the water flow on erodibility, whereas the 
long-term effects of low-velocity water flow and calcium leaching on the erodibility of such structures has rarely 
been examined. Therefore, field investigations, water jet erosion tests, and cellular automata simulations were 
performed to investigate these phenomena. 
The first objective of this study was to explain the mechanisms of erosion of concrete irrigation canals. The 
following results were obtained: 
(1)  Erosion of a concrete irrigation canal results from the complex degradation of the hardened cement paste 
(hcp) component of the concrete by both chemical and mechanical processes; 
(2)  Calcium hydroxide is leached from the hcp into the water; 
(3)  The microstructure of the hcp is thereby coarsened; 
(4)  Hcp with coarse microstructure has low strength; 
(5)  Collision of flowing water or waterborne sand with the low-strength hcp causes fatigue or abrasive failure, 
detaching it from the concrete body; 
(6)  Detachment of the hcp from the concrete causes detachment of aggregate that is no longer supported by the 
hcp matrix from the concrete. 
These results are based on the following observations. 
Field measurements of arithmetic surface roughness of concrete irrigation canals in five districts indicate that 
erosion progressed as the exposure time of hcp to water increased. Moreover, observations of eroded concrete 
surfaces show that the surfaces of the aggregate did not erode; rather, the hcp around the aggregate was detached 
from the concrete body. Furthermore, electron probe microanalysis of specimens of concrete from the canals shows 
that calcium was leached from the surface hcp to a greater depth than the depth of erosion, indicating that leaching, a 
chemical process preceded mechanical erosion. Despite the occurrence of calcium leaching, no volume loss was 
observed from the concrete surfaces in contact with water with zero or very slow velocity, indicating that a volume 
loss of concrete, defined as erosion, requires not only chemical but also mechanical processes. 
Water jet erosion test results of experimentally leached hcp specimens showed that the maximum erosion rate in 
leached portions of the specimens was 19.4 to 27.6 times that in non-leached portions. This result indicates that the 
erosion resistance of leached portions is remarkably deteriorated. 
Two-dimensional cellular automata simulations were performed to evaluate the contributions of chemical and 
mechanical processes to the erosion process. The results show that hcp was eroded at nearly the same rate regardless 
of the diameter or the arrangement of aggregate in the concrete. This finding may indicate that the erosion of hcp is 
not affected by the presence of aggregate. 
The second objective of the study was to establish an accelerated erosion test method for the cementitious materials 
of concrete irrigation canals. As a result, the following method was proposed: 
(1) The parameters of the accelerated erosion test consisted of nozzle entrance pressure, water jet flow rate, 
impingement angle of the water jet, distance from nozzle to specimen, nozzle shape, rotation rate of the 
specimen, water quality, exposure time, and replacement of nozzle; 
(2) The control specimen was a rectangular solid composed of mortar meeting the JIS R 5201 standard with the 
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dimensions 70 x 70 x 20 mm; 
(3) The 85th to 95th percentile of measured erosion depth was adopted as the index for determining the erosion 
front depth; 
(4) The ratio of the erosion rate of the cementitious materials to that of the control specimen mortar was adopted 
as the erodibility index of the materials; 
(5) The reciprocal of the erodibility index was adopted as the erosion resistance index of the cementitious 
materials; 
(6) The accelerated rate of erosion of a sound specimen from a concrete canal was estimated as the correlation 
between the water jet erosion test time and the service time of real concrete canals; 
(7) A combined test incorporating both chemical and mechanical processes is required to evaluate the erosion 
resistance of cementitious materials, because in the real environment such materials are affected by both 
chemical reactions and mechanical actions. 
 
Keywords : concrete irrigation canal, erosion mechanism, accelerated erosion test, cementitious materials, calcium 
leaching 
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